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《解 説≫

Capi皿arityPhenomenaandMetaトDielectricInteraction

inZeoliteC血annels

ValenthN．Bogomolov

Io汀ePhys．Tech．Inst．，St．Peter由urg，Russia

A simple modeloftransitionmetal－dielectriclayerbasedontheexperimentaldataonthe

capi山aryphenpmenafbrthe6／12Ådiameterchannelsandon仇eVanderWaalsbondasa
Weakexcimerhteractionofthenuctuationnatureisconsidered．SomeasI）eCtSOr血terphase

interaction fbr adsorption，Catalysis，energetics，and electronics problems were discussed、

Intermediatelayers between the different

Phases are very widespread andimportant

O切ects払rheterogeneoussystemsequilibrium，

chemicalreactions velocity，Catalysis，micro－

and nano－electronic devices and so on．The

microscof〉1C StruC仙re of the extremely thin

transitionlayers and thelocalinteractionsare

Very di爪cult fbr the experimentali∫1VeStiga－

tions．1，2，3）The most direct and adequate

method ofinvestigations of this problemis

examinatioれ Of caf）illary f）henomenain the

atomic diameter channels．Such exI）eriments

Were undertaken as an attempts tocreatethe

low－dimensionalsystems by means of the

matrix method．It wasataskinline withthe

HTSC－PrOblem．Therutile（TiO2）monocrys－

tals with a4－memberspiralstructurechannels

年S amatrixwereutilized fbrt血atI〉urPOSeand

thezeolitesmonocrystalswiththe6／12Ådia－
meterchannelswerethenext．4）

The simf〉1est modelfor the two phases

contactisthe some surface withoutthethick－

ness and with sur払ce tension げ．W血en the

interphase boundary become cuⅣed the pres－

Sure differenceタbetween the phasesmay be

expressed via the surねce teれSioれ ♂alld the

CuⅣature radius
r by means of the Laplace

equationf，＝2げ／r．1）Åpp訂ently
Poisson was

the f廿st who understand that the capillary

Phenomena were consequences of the finite

thickness of the capillarylayer．Along the

intermediatelayer properties of the both

Phasesmustalteredrelativelynuently．Aswith

most research，this concept has raised a new

PrOblems ofthef〉rOI）ertiesofthislayerwhich

may be coIISidered as aIleWI）hysicalobject．

Forexamplethesur払cetensionofthespheri－

Caldrop（one f〉hase situation，Vaf〉Or PreSSure

abseIlt）depend on the surねce cuⅣature

radiusr：

げs（r）／げ。＝ごrs2／（rs十∂p。）2二ご1－2∂p。／rs；

げs（′）とげ。－∂p。タ，

W血ere f，is the Laf〉1aceI）reSSure，げ。＝げ（∞），

∂poタis the elastic energyoftheinterphase

layer volume．In t血at case the stlr払ce of

tension（rs）isnotcoiれCidewiththeequimolar

Su脆ce（re）（see Fig・1a）・Tolmanlength∂p。

is the di汀ereIICe between these surねce curva－

ture radiire－rs anditdeterminesthesur払ce

tensibn versus theI）reSSure deI）endemce．It

dependonthecomf〉reSSibilityたofthevolume

and on the surねce and volume properties

di汀erellCe．

The simplest case of仇e two phaseinter－

actionis 仏eliquidimetal－dielectric contact．

This type ofi山eractionis ofimportance for

adsorption and catalysis，for caf〉illary and

electrocaf〉illary energetics，払rcomf〉OSitesalld

electronic devices，and other．6）It becomes

POSSible to directly detemine the f汀OPerties

Oftheinterphaselayerandthedependenceof

the surねce energy on the cuⅣature When

C血aれnelsofsingle－CryStalzeoliteareemployed・

Fortunately，thechanneldiametersareknown

with crystallographicprecision（6．7x7．0Åin
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mordenite andll．7Åin zeolite X）andthe

Channelshaveahighdegreeofmonodispersion

and a high density（the channelvolumeis as

muchas50％ofthevolumeoftheX－CryStal）．5）
T血e capillary wallsin zeolites consists ofthe

OXidesA1203and SiO2 Withsaturatedvdence

and have no broken bonds（“molecular”sur－

払ce）incontrasttothesurねcecreatedbyme－

Chanicalmethods．Howeverinsuchcaf〉illaries

there are two types ofinterphase boundaries

PreSent Simultaneously： kquid－Vaf〉Or and

払quid－SOlidinsulator，alongwi仇ぬurkindsof

CuⅣature：SPhericaland cylindrical，POSitive

and negative（払rwindowregionsbetweenthe

ZeOlitecavities）．

Experimentalinvestigations ofthecapillary

Phenomena血zeolite channelsglVe aninfbr－

mation on theliquid metal－dielectrici山erac－

tion and one mayintroduceaqualitativedes－

Cdption of t血e some f〉henomena obseⅣed．
O

So aninterphasegap／z空（1．1／1．5）Abetween
theliquid metaland dielectricwallwiththe

compressibility方空4・10‾5atm‾1wasobserved

and thei山erphase metal－dielectricinteraction

ene柑y aS a functioIlOf the metalsur払ce

tension andoftbeLaplace pressure was mea－

sured．4・6）It was shown that the wellknown

Picture of the caf〉illary p血ellOmeれa remains

fbrtheatomicdiameterchannelsalso．

Thermodynamic theory of caf〉illarity does

not depend on the nature ofthe hteractiれg

Phasesbutatthesometimeitcannotanswer

the question on thelocalstructure ofinter－

Phaseinteraction andits microf〉arameterS，

On the magnitude and sigm of the Tolman

length・1，2）Thorough understanding of the

PrOblem mustinvolve theI）hysicalaI）PrOaCh

also．The simI）1est examf〉1e of theI）rOblem

is detemination ofthemagnittldeandsignof

theTolmanlengthねrmetallicdrof〉invacuum

at r＝0． The above mentioned well－known

Gibbs－Tolman－Koenig－Bu汀（GTX．B）formula

describes the deI）endence of suぬce tension

On thediameterofa什eesphericaldrop．The

GTKB equationalsodescribesthedef，endence

Of suぬce energy on thei山erphase pressure

or Laplace pressurewhen the secondphaseis

vacuum．For metals the vapor pressure at

moderatetemI）eratureSissmall・For∂p。ル＝1
the approximate GTKB fbrmula differs ftom

theexactfbrmulabylO‰1）Thelength∂po

＝一d♂／df，．IfTolmanlength∂p。negative，the
sur払ce tension hcreases asthedropdiameter

decreases（as the Laplace pressureincreases）

andviceversa．

The magnitude and sign of∂po can be

evaluated f†om very simple considerations．

The changein theinteratomic distance‘bM

associated with compression or heating，muSt

causeachangeげ～α－乃・Afterasimpletransfor－

mationsonecanobtain

dげ／dタ＝〃げ斤／3；dげ／dr＝一〃げβ／3；

dげ／dタ＝一■（ぷ／β）dげノdr

Where斤isthecompressibility，βisthevolume
thermalexpansion coemcient，dげ／dris the

entroI）y Of the surねce．These quantities are

Wellrknown ftom t血e experimeIltaldatain

COntraSt tO the Tolmanlength．Formajority

Ofmetalsatthemeltingtemf〉eratureSWehave

如／drユー（0．1／0．3）erg／cm2deg，thatco汀e－

SPOnds approximately to〃と6．This yields

如／dタ竺2斤♂．Hence fbr K and Na we have

∂。。二ご－0．7Å，Whilefbrtheothermetals∂。。

ユー（0．2／0．3）Å．Itisnot surpdsing since
t血e 如／dP＝－（dげ／dr）／rc，，W血ereris the
Gruneisen constant and c，is the volumetric

SPeCincheat．Thesignofthee汀ectinthiscase

CO汀eSPOnd to げiIICreaSing as the diameter

decreases（as the pressure hcreases）in agree－

mentwiththecalculatedresults．2）Evaluation

Of the Tolmanlengthif2rユαmay be made

also什om the welトknown atomicGoldschmidt

contraction fbr metals．When the numberⅣ

10fthenearestneighbouratomsisloweredftom

12to O，theatom diameter decrease：dⅣ／d12

→～0．8；（d123－d。3）／d123＝ごた4げ（d。）／d。．Itis
easytoshowthat

l≧do／d12

＝†【1＋（トr∂。。】8／d12）1／2】／2〉1／3≧0．79
ThatwayalsoglVeSfbr∂po valueintheorder

Of magnitude obtained above：1∂p。】＜d12／8．
Pure thermodynamic considerationslet us

make the conclusion on the someinterphase

transitionallayer existence．Butthequestion
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aboutthelayerれatureisopened．IfoIleaCCef）t

tlleSuPPOSitionthat∂po existinrealityandin

蝕st approximation does not deI）end on the

CuⅣature radius r，it must be mentionedthat

the spacescalefbrthislayerco汀eSf〉Ondsonly

tothatoratomicorbitalsplitting・7）outofthe

metalvolume the excited state orbitals of

V訂ious nature are situated．For very small

metalclusterstheatom－1ikemodelofelectron

energylS Vdid and the excited state orbitals

are the cluster orbitals．Variationin energy

Of the cluster by some perturbation血duces

theco汀eSPOndingv訂iation血clusterdiameter

thelatteris detemined as a position oft血e

PrlllCIPalmaximaiれelectroIlradialdistribu－

tion仙nction．7）From the other hand a sub－

StanCeCOmPOSedbytheatomsinexcitedstate

（excimer state）must have the volume great町

than that of the substancein grouIld state．

These considerations are valid fbr the sur払ce

also．In order todis壬）1aytheexistellCeOfthe

interp血aselayeritislleCeSSary tOinduce the

OCCuPation of the cluster or sur払ce excited

State Orbitals by means ofsomef〉ertufbation．

Part of electrons displaces什omtheatomson

thesurねceoutorthevolume．Thatmaylead

tolowering of thelocaldensity ofstates of

the stlr払ce atoms also．Suc血eff¢Ct bavebeeIl

obseⅣedinexperiment・8）Thispictureisnot

in contradiction with the thermodynamic

SCheme（Fig．1b）．
When the zeolite channels are filled with

theliquid metalone has a t血ree－dimensional

liquidmetal“sublattice”withthewellde凸ned

surねce ofmetal（0．2ノ0．5Åaccuracy）．T鮎s
Sur払ce may seⅣe aS a SOund probe for the

dielectricsurfaceinvestigation．
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Fig．1a）Metaトvacuum boundary themo－

dynamicscheme，

b）Interphaselayer t壬1ermOdynamic

SCheme．

A weak metaトdielectricinteractionis dis－

Pbyedin wetting（Adhesionenergyげ。）．One

Can deBne the sur払ce ener封eS aS follow：¢t

ねr solid sur払ce，¢。

forinterphaselayer．

LaI）1ace pressure タk，

eneI嘗1eS are COnれeCted

forliquid surface，¢t。

The contact angle α，

sur払ce and ad血esion

With t血e血elp of the

Young，Duf汀e and Laplace equations（Fig．2，

inset）：

げt＝♂t。－げoCOSα；げc＝げ0＋げt－げto；

ぴk＝ぴ。－ぴ。＝げ。COSα＝タk′ノ2

Totalsurぬce ene瑠y eXCeeds the什ee surねce

ene瑠y（sur払ce teれSion）by the eIltrOPyitem

rd♂／dr．Thelast contributionissmallwhen

thetemI）eratureislowrelativelytothecritical

temI）erature．

Using the Berthelot relation 払rinter－

actioncom鈍antsofmoleculesO andT：GT＝

（GoqT）1／2，Gむiね1coaIld Good（GG）have

ObtaiれedasimpleexpressioIlfbrvallderWaals

（VDW）血teraction energy between the two

phases9）；

げc＝2〃（J。げt）1／2＝げ。十げt－げt。；

〃＝4r。rtノ（′。十rt）2

Wherer。，t are t血emeall柑diiof仇ep∬ticles

inthediffere】1tf〉hases．

EarlierPauling has utilized thisrelationfor

the electronegativity scale determinationin

thecaseofthecovdentbonds．10）

Sur払ceenergyげt Ofthesolidbodyonecan

血dby means of the contact aIlgle measure－

melltS aれd wit血仙e help oft血e GG払rmula．

げ。erg／cm2

300

200

100

／ ／

α

ぴ0

げt

＿。∠．＿
げf ●

●

200 400 600恥erg／cm2

●

Fig．2 Matal－ZeOliteadhesioneneI苫y♂cOnt血e

metalsur払ce energyげ。dependence

（po血ts）．Solidl血e co汀eSPOndsげc＝

2（げt。げ。）1／2atげt＝25e確／cm2．Inset－

metaldrof〉 0エー仇e dielectric sur払ce．
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Seriesofsuchexperimentswereperfbrmedfbr

the mercury and the dielectrics with the diト

托rentchemicalnaturecontact．9）valuesftom

SeVeral－unitsuptoseveraltenserg／cm2were
calculated fbr different materials． Another

CaSe
－
uSing of the differentliquid metals

withthe sur払cetension♂。（100／700erg／cm2）
and one and the some dielectric（zeolite）h

COntaCt fbr precisedeteminationofげt Ofthe

dielectric・q ThepointsinFig・2indicatethe

Vdues ofadhesion energyげ。Obtainedbycal－

Culationswiththehelpoftheabovementioned

relations and experimentaldata on げk．6）

Adhesion energy has a two pa托sげc（げ。；タk）

＝げc。（げ。；0）＋∂cタk（げ。）／2，W血ereげc。（¢。；0）
is theinitialadhesionenergyattheinterphase

PreSSureタk＝0．A Tolmanlength∂。＝ご（1．2

／1．5）Åisa proportionalcoefficientbetween

theinterphase（Laplace）pressure and the

additionalad血esion energy． The Tolman

length ∂。WaS detemined onlyin order of

magnitude so伽as げc。宍ゴ110e咤／cm2as a

constant andiれdependent onげo WaSuSed．6）

For the zeolite case one has a dielectric

Surface with no broken bonds and mo Tamm－

1evels（quasimolecular sur払ce）．Butit does

not mean that surfもce energyげt′is absent

（in5etin Fig．2）．Own surねce energyげt′ねr

ZeOlitesisabout900erg／cm2accordiIl亭tOthe
calorimetric data and to the evaluations witb．

the helportheGGfomulaandthewaterad－

sorptionener野げc。二ご300erg／cm2．Berthelot
relationisalsovdidfbrwettingcontact．

Zeolite monocrystals are the metastable

systems．Theirchemicalbondenergyissmaller

than that oftheA1203and SiO2bu址materi－

als．Partofthechemicalvdencebondene柑y

is sI）read over the channels surねce and this

eれergy displayitself as an ability for VDW

interaction．Itisthebase fbrthezeolites uti1

1ization asa power仙1toolfbr chemicaltech－

nology． There are many examples of the

transition of the chemicalbond energyinto

the different fbrms．Forexamf〉1ethemecha－

nochemicalactivation process may by me什

伍oned． Sur払ce energy 叫′ of the zeolite

channelsis about O．6kcal／g．Energycapacity

Of such order of magnitudeis ordinary fbr

explosive substanceslike trotyl．T血ereis a

POSSibility oftheexplosivesubstances払brica－

tioniftousez¢01ites．

The solidlinein Fig．2co汀eSf〉OndstoGG

ねrmula o。＝2（げ。♂t）1ノ2，When¢t＝25erg／cm2．
Solid sur払ce energyげtin order ofthat ob－

tainedin．9）Thus tbereis the essentialdiト

ference betweeIlthe e的ctive surねce energy

げt＝25erg／cm20fthesoliddielectricandown
surねce ene瑠y¢t′＝900erg／cm2ifthecontact
metal－dielectricis

has been obser代d

iIltO aCCOunt the

凸u the channels

PreSent．Such discrepancy

eaぎ1ier．11）Itmustbetaken

払ct that thewettingliquids

COmPletely，While aliquid

metals fillonly a partofthechannelvolume．

Agapカ＝（1．1／1．5）Åexistsbetweenthewall

Of the zeolite c血an皿eland theliquid metal

Surねce．Themagnitudeofthisgaf〉isnearthe

interphaseTolmanlength．6）Qualitativelythe

diffもrence between the two kinds of the su卜

払ce energy払r zeolite one can understand

たom the followlng COIISideration． Orbital

radiiof the excited states fbr atoms on t血e

Surねce are greater than rad立of the ground

State．Above the surhce of t血e dielectI・ic a

Planarnetwork oftheelectro皿icexcitedstates

atthedistance～力appearsunderthei皿刀uence

Oft血emetal－dielectricf〉erturbatioれ血temctioIl

（Fig．3a）．Because

Of theinteraction

excited states方＜1．

to an excimer state．

Of t血e nuctuation natul・e

mean occupancy or t血e

Thecaseズ＝1correspond

Appearingoftheexcited

StateS Withズ＜1above t血e dielectric sur払ce

PreVentSthedirectcontactofthem6talsur払ce

With the dielectric high eIlergy Sur払ce什om

OneSideand・risest血eVDWillteraCtiollene瑠y

ぴcftomtheother．

TyI）icaleえamf〉1e of the VDW materialsis

the condenced血ertgases（IG）．VDWradiiof

theIG atoms are close to that of the atom

excited state orbitals and to the atomic radii

Of co汀eSPOndiれg alkaline metals．Density of

t血e condensedIGis close to that oftheco汀e－

SPOnding alkaline metals．In the case oft血e

IG atoms the bond caIlbe treated approxi－

mately as thoughit were metallic typebond，

but resulting ftom the orbitals ofan excited

State Whose mean occuI）ationズ＜1（止托time
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b）Metal－VDW condensat boundary and dielectric－

dielectricintemctionschematicpicture．

aboutlO‾10sec．）．Uれdertlle血ighI）reSSurethe

COndensedIG become metals（ズ＝1）with

inter－atOmic distancessu爪cientlygreaterthan

thediametersof仇e訂Oundstateorbitals．

Transition of the atoms from the野Ound

Stateintoexcitedstatedependontherelation

betweenthetransitionenergyA首andthemean

Perdurbation energy古．If t血e pertu柏ation

energyhasanuctuationnaturetheoccupation

ズmay be expressed by means ofthe払ctor

exp（一△E／e），SimilartotheBoltzmannねctor．
Now仇eliquidIG can be regarded as weak

excimer analog ofan alkaline metal（occupa－

tion of the excited states方＜1）．Since払r

Simplemetalsthebondenergy～e2ルm，払rthe
liquidIG o‡1e CaIIWriteqvDW＝Cle2∬2ルvDW．
The occupation方depends on the difference

betweentheenergiesoftheexcitedandground

states △方 and on 仇e magnitude of t血e

Coulomb pertud）ationsinteraction e of the

atomicsheusbyoneanotherズヒeXP（－A方ノe）．

where e＝de2／2△r十βe2∬仏r＝e2（d＋2β方）／
2△r＝e2Z／2△r（see Fig．3b）．△ris the radii

difference of the excited and ground state．

Su他ce energy and binding（condensation）

energy are connected．11）There托汀e Su拍ce

ene樗y Of theliq11idIGis♂vDW二ごC2e2∬2／
rvDW・

）23（

A simple m（ブdet of VDW boIld asa weak

excimer血teractionmaybeeasyemployedfor

the metal－dielectric adhesion energy calcula－

tion．At a metal－dielectric contact the凸11ed

Orbitals ofthe metali山eract withtheI）artly

抗11ed orbitals of the excited state of the di－

electricsur払ce（seeFig．3a）：

♂c。＝C3（－e）（eズ）＋C4（e）（－eズ）＝2C5e2∬

＝2（C6e2C7e2方2）り2＝2C8（ぴ。叫DW）1β

＝2C8（¢。♂t）り2

T血erefoI・e t血e excimeI・mOdelof VDW metaユー

dielectricinteractionis satisBed theBerthelot

relationif the solid state su血ce energy of

dielectric co汀eSPOnds to t血at of the some

eq血vdent VDW condensat．Sur払ce energy

¢t＝25erg／cm20f the pertially凸11ed excited
StateS at t血edielectricsurねceisco汀eSI）Onded

to the surねce energyofKr．Kratoms血as△r

ヒ1．3Å，△方＝10eV．Energyofsuchmagnitude
may affect on the metal－dielectric contact

P訂ameterS Only．Thisis h accordance with

仇eresultsofi山roducingmercuryilltOZeOlit¢

Ⅹat200Candat400℃．Anydifference血the

COntaCt angle（LaI）1ace pressure）except the

CaSe Ofthe dげ／dr－depende皿CeWaSnOtOb－

selVed．

If we use above mentioned capillary re－
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1ations together with the GG fbrmula，then

WeCanObtainanexpressionfortheinterI）hase

ene柑yげt。：（♂t。）1／2＝（げ。）1／2－（¢t）1／2．Itmeans

thattheinterphase surねceenergyistheresult

ofthe di肋rencebetween theelectronconcen－

trationsinthevicinityofthemetalsurねceand

On the excited state surねce ofdielectric：

ズt。＝ズ。一方t；（方。二ご1）．

If theinterphase energy♂t。＝ぴ。＋げt－♂c，

We Can de抗ne theihterphase Tolmanlength

as∂to＝∂po＋∂t－∂c・A simple calculations

give：

∂c＝－d¢。／dβユー［1十F（△古；ゐ）】ぴcたh

竺－（1什5）Å；∂t。＞O

br the experimentalvallle 良和4・10づatm‾1

andif△方±10eV；∂t＜∂t。．

The f〉icture of the metal－dielectricinter－

Phaselayer described aboveis血昭reement

With that obtained by the thermodynamic

aI）PrOaCh（Fig・1b）・Ifthegaf〉力0＝カー∂p。Can

be treated apf〉rOXimately as thoughit was

interf〉haseTolmanlengthitisgreaterthanthe

Tolmanlength of metaland has an opposite

Slgn．It meanst血atastheinterI）hasepressure

increases，theinterphase sur払ce energy falls

Ofduetotherisehadhesion（wetting）energy．

At the high pressure（orsmallradii）theener－

geticboundarybetweenthephasesmaydisap－

Pear．Excimer modeloftbe metal－dielectric

COntaCtis notin contradiction with the real－

isticf〉訂ameterSOfthesystem．

Now we shallregard the VDW bond as a

quasi－ChemicalmetaトtyI）einteractionbymeans

Of the partially凸11ed orbitals orthe excited

Statein contrast to chemicalbond asaninter－

actionofthegroungstateorbitals．

One can make some another conclusions

about the metaトdielectric and dielectric－

dielectric contacts ftom this point of view．

There are someinstabilityinズmagnitude

if theズーdependent members h the Coulomb

Perturbation energy were takeninto account．

Instabilityin system of the excited states

OCCurS at the certain relation between the

P訂ameterS．Equation：

∽＋2β方）hズ＝－2△E△r／e2＝－r

－r

H2

Ne

Af
Kr

Ⅹe

方1

02

0．5
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1 ズ

Fig．4 Z（ズ）1nズ＝－rdependenceatβ＝1，d＝

1．09（1）；d＝1／3．6（2）；d＝1／20（3）．
ズ1：eXtremumPOSition．

has a graph shownin Fig．4．Numeralevdu－

ations ofthe condensation energy oftheIG，

H2，N2，CO withthehelpoftheexcimer払r－

mulae are close to theexperimentaldataifd

とβヒ1．Theinstability poiれt COrreSI）Onds to

β＝1，d＝2／e2＝1／3．7．Co汀eCtCOndensation
energy for O2 0ne Can Calculate onlyifdユ

1／3．6．Incontrast totherest gasesO2hasa

m昭netic properties as wellasnitrogenoxides

and sulf）hur h molecular forms．These ele－

ments are o托en presentin compounds wit血

仏ephasetransition．

It must be emphasize that the modeldis－

CuSSedaboveprovidesonlyasimpleandquali－

tativedescriI）tionoftheexperimental抗ndings．

Irthe dielectricisin contact withthemetal

Sur払ce，Z（方）mustbemodifledanditmaybe

the reason fbr the transition ofthe physical

adsorptioni山othechemisorptionand oxygen

Chemicalactivity．

For the case of metal－VDW dielectric con－

tact（adsorptionlayer on the metalsurねce）

electron occuI）ationズof the蝕stlayer de－

PendsontheCoulombperturbation：

el＝dle2／く△r＋力）＋β11e2／力＋β12e2方1／力

Fort血esecondlayerズ1＞方2SO払rasel＞e2

＝d2e2／2力＋β2e2方22／力andsoon．Calculated

adsorption energy for the Kr and O20n the

metalsur払ce are shownin Fig．5．Thebond
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e2ズAm方BmルvDW，i．e．，theinteractionbetween
the atomsAamdBoれthemetallicsur払ceisin－

cfeaSedinaccordancewiththeratio方Am∬Bmノ
方A方B．＞1．Thus on the catalyst sur払cethe

Catalytic reactor with the high

COnCentration，high temperattlre，

interabtion，and high effbctive

realized． This mechanism may

COmf〉Onent

loれgtimeof

PreSSureis

be ofim－

1 2 3 4 5 6 7 8

Fig．5 CalculatedadsorptioれenergyforKr（1）

and O2（2）1ayersatthemetalsurねce．

eIle指y（oradsorption eneI嘗y）1adderwillcor－

res‡）Ond to the excimer stateladder．These

areburdistinctstepsfbrKrcase血agreement

WiththeねurstepsorexperimentaladsorptioIl

isothef肌12）Theamountofstepsdependon

the substance parameters．ForexamI）1ethere

aresixclearstepsfbroxygenadsorptioIlenergy

along thelayer numbers．This pictureisin

accordance with the calculated “te汀aCed

wetting＝・13）Inthemodeldiscussedasimple

mechanism of the some excitations or the

interactions traIISlation onalongdistaIICeSby

meallSarelayrace什omatomtoatoImaf〉PearS．

So，the realtransitionlregion between the

Phasesmayspreadovertheseveralatomlayers

払r the weak bond stlbstances．For t壬1ebigb

bond energy sムbstances（zeolitesandmetals）
excitations decrease more rapidly．Forexam－

Ple fbrthe platinum cluster thelocaldensity

Of states at the Fermieれergy mIluf〉tO the

bu址value at the thirdlayerand deI）end on

thesecondphasepresence．8）

Metal－dielectric illteraCtio爪 has a direct

relation to the catalysis．Itisthef〉rOblemof

the chemicalreactions between the different

adsorbed atoms on the metalsurねce．So fbr

atoms A and Bonthemetalsur飴ceonemay

Obtain their interaction energy qAB～

POrtanCe for catalytic reactions with the ad－

sorptionprocesses・15）

Accordipg to Fig．2，adhesion energy fbr

metalclusters and dielectric carriers may be

Of仇e order or the bond energy fbrmetals，

i．eリrelativelystrollg．Ifthefreeelectronsare

af〉Pearedin carrier the cluster－C∬rierinter－

action may become stronger．Part of the

Cluster ef托ctivevalencesf〉endsont血ecluster－

Ca汀ierinteraction．Itdisplaysitselfinlowermg

Ofthe adsorptionabilityoftheclusters．This

Phenomena may be the cause of the suI卜

PreSSion of the gas adsorf〉tioflafter allig血－

temperature reduction of the metalsupport

SyStem（Pt／TiO2）inH2（catalyststrongmetaト
supportinteraction state－SMSIe的ct）．14）

Systems coIISistiれg Ofaliquid aIld a capiト

1aryabsorber（hydrocaI）illaryworkingmedium）

are ofhterest，e．g．，払rseveralenergy－StOrage

devices．W血en a nonwettingliquidisintro－

ducedinto a capillary theexpendedenergyis

accumulatedin the fbrm of the eれergy Of

broken chemicalbonds ofthe newly払rmed

Surねce．It can beI・eCOVered as mechaIlical

WOrkwhentheliquidcomesoutunderpressure

（ahydrocaf〉illary or mechanochemicalenergy

StOre）．For d竺αthe energy caI）aCityorsuch

StOrage deviceaf〉PrOaCh that ofelectrochemi－

Calbatteries，aI）PrOXimately 200kJ〃．The

advantage of a hydrocaI）止1ary stor喝e devices

include血igh power（uf〉tO20kW〃），COnStant
PreSSure，tOtaland rapid charging and dis－

Charging，the absence of any electric motors

and generators，aS Wellas the obvious and

immediate possibility ofconvertingt血eminto

hydrocaI）ill訂y maChines utilizing the welト

known deI）endence ofthe surねce tension on

t¢mPerature Or On theinterphase potential

di汀ereIICe（electrocaf〉illaryf血ellOmena）．

Electrocapillapy phenomena have been
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thoroughly studiedin the case of contacts

between metals andliquid electrolyteshaving

ionic conductivity．The decreaseinげuれder

theinnuence of the potentialdifTerence方

resultsfねmabuildupofchargeqmadouble

layerandis proportionaltotheenergyofthe

Chargesin theinterphase capacitor，軸＝ぴ。

－CE2／2（an analog of
the reduced GTKB－

equation）．ThevalueofthecapacityisC二ご30

mF／cm2 and the experimentalvaltleS Of the
O

interhcethicknessareaboutl．5A．Theinter－

Phase tensionis severalね1d forE竺1／5V．If
We uSe a COnducting matrix with aI）OrOSity

Close to that ofzeolite X，the caI）aCitanceor

SuCh a system can reach400F／cm3and
by

itselfit becomes an electricalbatterywithan

energyofabout200kJ〃．Whensuchastorage
deviceis discharged，1iquidis expelled什om

the channelsat a pressure，Whichallowsitto

be used as a hydromotor without a moving

mechanicalelements（a capillary electric

motor）．AI）OWerOflkW〃can be achieved

evenwithacapdlarydiameteroflOOOÅand
a cycl血g ftequeIICy OflHz．Such motors

have essentially already been achievedin ex－

Perimentaldevices，but withnegligiblepower．

Whenahigh－energySurねceisfbmed，either

bvねrclngliquidinto channelsorbyremovlng

aninterphaseI）Otentialdif鞄renceorhcluding

a metaトdielectric transition through a tem－

Perature Or PreSSure Change，thereisachange

inthesystementropyandabsorptionorrelease

Of heat．This efTect may seⅣe aSa WOrking

PnnCiple for unconventionalreftigeration cy－

Cles．Nowwehaveanewwork血gmediumwith

theequatioIlタF＝∫（∂。－∂pター∂t7’一々首）・

High eIlergy Or metal－dielectric血teraction

（Fig．2）may e汀ectively alter the f）rOI）erties

Ofthe thin metaland dielectric（semiconduc－

tor）1ayers血vicinity ofthe contact．Itmay

be of血1POrtanCe fbrtheelectronicdevicesin

micro－reglOエー．

Interphasei山eractionisverylmPOrtantfor

thesystemswithhighlydispersedGOmPOnentS．

Using the zeolites and other porous matrices

One Can Create a th∫ee－dimensionalsystems

Of micropa止icles（clusters）－a neW tyI）e Of

solid bodies－Cluster crystals．16）Ifwe shall

regard a cluster as alarge atom－1ike particle

With compressed energylevelscale one can

imagine the“cluster Periodic Table＝thelast

being more v∬ious than the“atom Periodic

Table”（in contrasttothecasewhentheelec－

tronschangedbymuonsandallatomsbecome

V冴y Small）．Thisis a base fbr thef〉OSSible

Clustercrystalsdiversity．

Cluster crystals are very sensitive fbr the

externaliれnuenCeS being very na汀OW energy

gaf〉SyStemS．Anasexamplemaybementioned

theNaXTe16andNaXTe23Clusterlatticeswith

N and S－Shaf〉ed voltage－Current Characteristics

払relectric凸eldaboutlO3v／cm．17）NaAHg灯

SyStem With magnetic phase transition under

t血emagnetic凸eld aboutlO4G．18）potassium

Clustersincorporatedinto the zeolite LTA

cavities are shows ferromagnetism．19）Three－

dimensionalK3C60Clusterlattic餌arereVealed

superconductingbehavior・20）

Clustercrystalsinzeolitesmatricesandclus－

tersystemsbasedonthecarbonstructuresare

resembled．In both cases the Mott－tranSition

PrOblemis arise also（interaction across the

interphaselayer）．

The study of caI）illary effectsin systems

With extremely high dispersionis evidently

Or both scienti餌c and f〉mCticalinterest fbr

PrOblems of chemicaltechnology，electronics，

energetics，andenv止onmentaleIlglneermg．
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