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《解 説≫

Ⅰ．htroduction

Layeredstructureshavelongbeenrecognlzed

as compounds with slgniGcant commerical

POtential・Clays，SuChasmontmorilloniteand

bentonite，havenumerousapplicationsassoト

bents，thickening
agents，ionexchangers，and

Catalysts・Graphiteandmolybdenumdisul抗de

havewidespreaduseaslubricants．Whilesuch

materials are attractive due to theirlow cost

relativetoper払rmance，therangeofstructurd，

Chemicaland surねce propertiesis rather

limited・ClayscanbemodiGedbyionexchange

Withorgano－ammOniumcationstoincreasedis－

PerSibilitylnSOlvents，Or Sur払ce－treated with

Sdanes or titanates toimprove compatibility

With organic media such aspolymers・How－

ever，thesetreatmentsare somewhatlimitedin

SCOPeandthematerialsoftmsu鮎r鈷ompoor

hydrolytlC

hlnCtion．

in which

COValently

raI■e；eVen

Stabdityoftheintroducedorgano－

True
organlc／inorganic compounds

the two んnctions are connected

throughout the solidarerelatively

more soin the case
oflayered

COmPOunds・

Catalyticais developlng a
nOVelclass of

materials which are
called

Molecularly五ngi－

neered Layered Structures（M五LS）野 These

COmPOundsarelamellarstructurescomprlSlng

metalphosphonatesormetalorganophosphates・

The originalinvention of the materials was

Carriedout atOccidentalResearch；Catalytica

COntributedtotheirdevelopmentasconsultants

andsubsequentlyobtainedexclusiveworldwide

rightstothecompoundswhentheyweremade

available by occidental．MELS are covered

broadlybyasubstantialpatentestate；Sixteen

U・S・PatentSdescribeseverdhundredcomposト

tionsofmatterandseverdprocessesofprepa－

ration・Becauseoftheirtremendousphysical

andchemical鮎Ⅹibility，MELShavethepoten－

tlalfbrabroadrangeofapplicationsincluding

Catalysis，SOrPtlOn，adhesionandcoatlngS・

Ⅱ．Stmc仙re and

The structure

Phosphate core

groups attached

Symthesis

of MELSis that of a metal

layer with pendant organic

to this core and extending

PerPendiculartotheplaneofthelayer（Fig・1）・
The combination of the two砧nctions results

in a unlque materialwhich combines the

PrOPerties ofboth the organic andinorganic

COmPOnentS：theparticulateandmorphological

PrOPertiesofthesoliddevicesubstantiallyftom

theinorganlc core；the sur払ceproperties
are

dlctated mainly by the organic component・

MELSaresolidmaterialstypicallysynthesized

underaqueousconditionsbythereactionofa
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soluble salt of a tetravalent metaland
a

phosphonicacidoranorganophosphorlcacid：

MX4＋2RP（0）（OH）2→M（03PR）2＋4HX

where
R

generically represents an organic

group・Unlesstheorganicんnctionissubstan－

tiallγhydrophilic，MELS precIPltateS readily

丘om solution and can be Gltered or centri＿

んged・Phosphonates are
generdly pre砧rred

as they provide exceptlOnalhydrothermal

stability andacidresistance・Themetalsmost

COmmOnlyemployedinsynthesizingMELSare

titanium and zirconium，but any tetravdent

metalwhich払vorsoctahedrdcoordinationcan

beused・Theorganicmoietyischosentotailor

the su品ce and chemicalproperties of the

materialto match the per払rmance required

払raparticularapplication・

Typicalexamples of organic groups and

metals that have been・incorporatedin these

COmPOundsareshownlnFigure2・Thelimita－

tions which can arisein the scope of the

materials are based mainly on the abilityto

Obtain
or synthesize the desired phosphonic

Represenlativ¢PendanlGroups

－H

－CH2Cl

－C¢H5

－0（CH2〉2CN
－〈CH2〉2COOH
－C●H5SO3H

－くCH2）2NH2－CきH．N
－（CH2〉nSH
－C●H●－C●H●－
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F短ure2・Representativeexmplesshowlng

thescopeofM玉LScompounds・

Compound

Zr〈03P一岬2

Th〈03卜CH3〉2

Zr〈03P－CH2C秒2

Zr〈03P－CH2CH2COOト恥
Zr〈03P－CH2CH2SH〉2

Zr〈03P－CH2－0－C¢H与〉2

U〈03P－CH2CH2CH2SOぅ岬2

Th〈03P〈CH2〉－7CH3〉2
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F短ure3．CorrelationoflatticespaclngOf
MELSwithchemicalcomposition・

acid；however，We
have not seen this to be

a slgniGcantlimitation・The x－ray datain

Figure3con抗rm the expectedcorrelationof

interlayerspaclngWlththesizeofthependant

Organicgroup・

Solid products consistlngOflayeredsheets

with ordered arrays of the pendant organic

groupsonbothsidesofthelayerareobtained

with most phosphonic acids・The generic

structures of these materlals 払11into three

classes，aSdepictedinf■igure4・Inadditionto

single component M五LS（i・e・，uSinga single

Phosphonic acid），StruCtureSWith multiple

んnctionalitycanbepreparedbyincorporatlng

more than one phosphonic acid during the

synthesis step・Thisisuse血1fbrexamplein

Catalysis，Where one phosphonic acid
can

supply the catalytic actlVlty While a second

んnction can alterthe sur払cepropertiessuch
as

su血ce hydrophilicity・PillaredM五LSare

made usmg diphosphonic
acids，uSuallyin

combinationwithasecondsmallerphosphonic

acid，thereby creatlng an OPen microporous

structure・Thisensuresaccesstoeachlayerin

the structure and canin prlnCiple provide
a

twodimensionalanalogtozeolites・

Inadditiontochemicalvariations，Figure5

shows that the physicd properties ofMELS
can also be altered・By carehlcontrolof

the synthesis conditions，SOlids ranglng丘om

x－ray amOrPhous tohighlycrystallinecanbe

produced・Crystalsizesrange丘omsubmicron
to tens

of microns．In addition
to

solids，

仏〉Si叩18Phosphon‡¢a¢は

但〉和od‡s伽cIphosphonjcacids

〈C〉PhosphonさcpIusd‡phoさPhonic
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Figure4・GenericstructuresofMELS：Si皿gle

component；tWOCOmPOnent；P止1ared・
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CRYSTALL川F SoLIDS

PR仁CIP＝・ATED SnLIDS

OpAQIIE GFLS

TRAIISLl】CFNT GFLS

TRANSPAP…T GELS

AppLICAT川NS
AS PARTICllLATf：S

AppLICATIPNS

AS C（IATINGS

F如re5．Potentlalv訂iationsinmorphology

andparticlesizeofMELS・

gelatinous MELS can be formedin aqueous

OrOrganic media・

ⅠⅠⅠ．Åpp払catiomasAcidCatalysts

Figure6depictsaschematicofaMELSacid

catalyst・In thiscase，theM五LShasan aryl

Sulfonic acidんnctionality，SOmeWhat analo－

gous to the acid site ofconventionalstrong

acidion exchangeresincatalysts・TheMELS，

however，have severalpotentialadvantages

over the resins．

BecauseoftheinorganiccoreinMELS，the

materials do not melt or deform at the

temperatures where thisis encountered with

POlymeric resins・By virtue oftheoxidative

stabilityofthemetal－0Ⅹygen－Phosphorusback－
boneanddlrectbondingofphosphorustothe

aromatic rlng，M五LS
have hlgher

tbermal

resistance to desulfbnation and oxidation

compared・tOanalogousionexchangeresins，aS

wellasgreaterhydrothermalstability・Whereas

sulfonated styrenedivinylbenzene resins w止1

desulfbnate at1400C・and decompose at

3000C・，arylsulfonic acid MELS desul払nate

at3300C・，aSmeaSuredby thermogravimetric

experiments・Figure7comparestheresistance
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Figure7・Compa∫ativesteamstabilities（rela－

tivetodesul払nation）ofMELSarysul払nic

acid catalystandstrongacidionexchange

resin（Amberlyst15）．

OfAmberlyst15andanarylsulfbnicacidM乱S

to desul払nationin steam at 2000C．After

30hours，AmberlystlDSt30黎ofitssulfbnic

acid sites whereas the M王LS showed no

measurable desul払nation．

The ability to
controlboth structure and

COmPOSition allows MELS to be tallored fbr

OPtlmum Per払rmancein
a glVen Chemical

reaction・Not only can theacidstrengthbe

Variedbychoiceofthe払nctionalgroup（e・g・，
Carboxylic acids andsulfbnic acids），butalso
SeCOndary moieties can be

added
to alterthe

environmentaroundthecatalyticsite・Figure8

Shows the per払rmance of arylsulfonic acid

MELScatalystscomparedwithAmberlyst15

払r the synthesis ofMTI温 When ahydro－

Phobic secondary groupISincorporatedinto

theMELSstructure，theMELScatalysthasan

80黎higherrateperso3HgroupthanAmber－

1yst15；ifthesecondarygroupishydrophllic，

th＝ateOftheM五LScatalystis130黎higher・
This ability to tador the catalytic site to

enhance reactivlty Or Other properties repre－

ぷ0ご伺SてぷqH
SuLFOII▲TIOH

JR〔朝
＄0〇H SO3H

Figure6．Simpli缶edschematicofMELSarylsulfbnic

acidcatalystanditssynthesis・
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F短ure8・Relativeper払rmanceofM王LSand
Amberlyst15払rthesynthesisofMTBE・

SentSaneXCltlngfbrmofmolecularenglneerlng・

M五LSwithacidichnctionalgroupssuchas

the arylsul払nic acid
described above canbe

applied to a v訂iety ofcatalytic applications

in both polar and non－POlar media・Other

catalytic reactions which
have been demon－

stratedinthelaboratorylnCludeesteri色cations，

訂Omatic alkylations，isomerizations andcon－

densations．

ⅠⅤ．Summary

MELS represent an excltlng neW Class of

materials with a broad rangeofapplicability
in

several丘elds of technology・They are

unlque Organic血organiccompositesinwhich

these dlstinct んnctions are bonded at the

molecularlevel・TheabilitytocontroIparticle

size，Sur払ce
area and poroslty，and sur払ce

chemistrアユnunlqueWayS，aSWella＝hescope

and range of posslble
distinct compositions，

makethesematerialsespeciallyattractive・The

COmmerCialpossibilitiesofthesematerialsare

JuStbeginnlngtObeappreciatedandexploited・




