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INTRODUCTION

lon exchangeisatechnology that has been ever
receiving growing attentionin variousindustriesfor sev-
erd decades. Thistechnology iscommonly used to purify
solutions by removing the dissol ved ions by electro-
static sorption into ion exchange materialsof various
physical forms. Theremoved ionsarereplaced with
equivalent amounts of other ionsof thesamechargein
the solutions. The use of ionexchangereaction alows
either dl ionsto beremoved from asolution or particu-
lar ionsto be selectively separated. Therefore, both
selectiveremovad of ionic contamination and complete
de oni zation can bedigtinguished. The sdlection between
both dependsmainly onthe composition of thesolution
and the extent of decontamination required¥.

Theapplicationsof ion exchangearenumerousand
cover widerangesof industriesand households. These
applicationsmainly cover purification purposes; how-
ever, ionexchangeisaso widely implemented inthe
Separation and extraction of val uable substancessuch
asuranium and plutonium from the nuclear industry
waste. Deionization (deminerdization) of water and
water softening are known to be the most common
applications. However, the spectrum of other applica
tionsvariesfrom large-sca eextraction of metalsin hy-
drometalurgica and metal finishing processesto recov-
ery of precious metal §34. The applicationsof ion ex-
change are al so extended to food and beverages, pet-
rochemical and chemical, pharmaceutical, sugar and
sweseteners, industria wastewater, ground and potable

water, semiconductor, production power soil remedly,
and pul p and paper industry.

ION EXCHANGE MATERIALS

lon exchangeisthe processthroughwhichionsin
solution aretransferred to asolid matrix which, inturn
releasesionsof adifferent typebut of the same polar-
ity. Inother wordstheionsin solutionsare replaced by
differentionsoriginally presentinthe solid>*.

lonexchangematerid sareaclassof functiond ma
terialsthat display ion exchange propertiesowing to
existenceof fixed ionic Stesbondedtotheir framework,
whichisheldtogether by chemical bondsor latticeen-
ergy and can becalled polyions. Oppositely charged
ions movethroughout the framework and can bere-
placed by ionsof smilar charge. lon exchange materi-
dsareavalableindifferent formsand structuresvary-
ingintheir classificationsdependingonorigin, physica
form (morphology), immobilized functiona group, and
their functions. The mechanism of ion exchangeisdic-
tated by various parametersrelated to theion exchange
materia ssuch asthenatureand typeof fixed functiona
groups, the physical forms, and the origin of theion
exchangemateria ™.

CLASSIFICATION OFION EXCHANGE
MATERIALS

lon exchange materialsare classified into natural
and synthetic materials. Naturally occurring materials
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such asclaysand zeoliteshave someion exchange prop-
ertiesbut oftenitisdifficult to usethem, for example, in
column operation. Syntheticion exchangerssuch assty-
renedivinegly benzenecopolymer and synthetic zeolites
behave as sdl ective sorbentsand it must be conditioned
before usein an effort to overcometheir limitedresis-
tanceto acidsand dkaisandlimited mechanica stabil-
ity.

According tothegenerd classification of ion ex-
changers®>19, resinsaredivided into cation-exchange
resins, anion-exchangeresinsand amphoteric resins.
Cation-exchange resinsmay be of the strong-acid or
weak-acid types, anion-exchangeresnsmay beof the
strong-base or weak-basetypes. If theelectric charge
carriersinthe molecular network of anion exchange
resnarefixedions(functiond or ionogenic group) of a
singletype, such as sulphonic acid groups, theion-ex-
changeresniscaled monofunctiond. However, if the
resin containsionogenic groupsof variestypes, itscaled
poly functiond.

Synthetic organic andinorganicion exchangerscan
be classified onthe basis of exchangeabl e species(cat-
ion, anion, ampholyteand multifunctiona types), frac-
tional group (strong, weak and acid/basetypes), skel-
eton types (polymers, copolymers, and poly conden-
sations), and therigidity of the polymeric structure[mi-
cro porous gel, macro porous (macro reticular),
isoporous.

A smilar classfication of inorganicion exchange
materidsispracticallyimpossble. Thechemicd variety
of thesemateriads, their very characteristic properties
of ion exchange, and thegenerd inhomogeneity of the
Sructureof sorbentswithion exchangingsteswithvari-
oussdlectivity dl makeit very difficult tofindasingle
classfication system.

Consequently, thechemicd compaositionof inorganic
ion exchangemateriascan behighly diverse, they are
typicaly sngleor mixed metd oxides, hydroxidesand
insolubleacid sdtsof polyvaent metas, heteropolyacid
sdts andinsolublemetd ferrocyanides. Thewidediver-
gty of suchmateriasincludesnatural minerals(asisor
modified) and synthetic substances™™. Finaly, classifi-
cation of these materials on the basis of the chemical
characteristicsof theion exchanging speciesgppears4till
useful, asproposed by Vesdly et al.'7;

= Hydrousoxides.

=  Acidicsdtof multivaent metas.

» Sdtsof heteropolyacids.

» |nsolubleferrocyanide.

»  Aliminoglicates

Thered utility of anionexchanger dependslargely
on itsion exchange characteristics. lon exchange ca-
pacity, concentration and € ution behavior, pH titrations
and distribution behavior are some of the properties
that congtitutetheion exchange characteristics of the
materias.

STRUCTURE FEATURE OFIION EXCHANGE
MATERIALS

Structurefeatureof ion exchangemateriasplay an
important roleintheir gpplications. lon exchange mate-
rialsareclassified according to thearrangement and
bonding of atomsinto:-

Amorphousstructure

Inthistypeof structure; theatomsarearrangedina
randomway similar to thedisorder wefindinaliquid
(Figurel). Intheamorphous structurethereisno long-
range order (LRO). The structure of glassis an ex-
amplefor amorphous materials.

Figurel: Amorphousstructure

Crydallinestructure

Theatomsare arranged in aregular pattern, and
thereisassmallest volume element that by repetitionin
threedimensionsdescribesthecrystal. e.g. wecande-
scribe abrick wall by the shape and orientation of a
singlebrick (Figure2 aand b). Thissmallest volume
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eementiscaledaunit cdl. Incrysalinestructurethere
islong-range order (LRO) in crystals - aunit repeats
itself andfillsthespace. Thedimensionsof theunit cell
aredescribed by three axes: a, b, c and theangles be-
tween them a pha, beta, and gamma.
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Figure2: Crystallinestructure

Aswementioned, asolidisamaterid that retains
both its shape and volume over time. If asolid pos-
sesseslongrange, regularly repeating units, it isclassi-
fiedasacrysdlinematerid. Crystallinesolidsareonly
produced when theatoms, ions, or moleculeshavean
opportunity to organizethemse vesinto regular arrange-
ments, or lattices. For example, arystdlineminerd sfound
in nature have been formed through many yearsof ex-
tremetemperature and pressure, or Slow evaporation
processes. Most naturally occurring crystalline solids

comprisean agglomeration of individua microcrysta-
lineunits; s nglecrysta swithout Significant defectsare
extremely rarein nature, and require special growth
techniques. If thereisno long-range structural order
throughout the solid, the material isbest described as
amorphous. Quite often, these material s possess con-
Siderable short-rangeorder over distancesof 1-10 nm
or s0. However, thelack of long rangetrand ational or-
der (periodicity) separatesthisclassof materialsfrom
their crystdlinecounterparts. Sincethemgority of stud-
ieshave been addressed to study crystalinesolidsrela
tiveto their amorphous counterparts, thereisacom-
mon misconception that most solidsarecrystallinein
nature. Infact, asolid product generated from many
chemical reactionswill beamorphous by default, un-
lessspecia procedures are used to facilitate molecular
ordering (i.e,, crystal formation). Although the crystal -
linestateismorethermodynamicaly-favorablethanthe
disordered state, theformation of amorphousmaterias
isfavoredin kinetically bound processes (e.g., chemi-
cal vapor deposition, sol-gel, solid precipitation, &c.).

SELITIVITY OFINORGANICION
EXCHANGERS

lon exchange process depends on the mechanism
by which mobileionsfroman externa solution areex-
changed intheoppositedirectionfor anequivadent num-
ber of ionsthat are el ectrostatically bound to the func-
tiond groups contained withinasolid matrix of theion
exchangematerial. The preference of oneionic species
over another by theion exchangers can beattributed to
several causes™!:

1. Theedectrostaticinteraction between the charged
framework and the counter ions depends on the
Sizeand vaenceof the counter ion.

2. Other effectiveinteractionsbetweenionsand their
environment.

3. Largecounterionsmay be sterically excluded from
the narrow poresof theion exchanger.

All these effectsdepend on the nature of the counter
ion and thusmay lead to preferential uptake of species
by theion exchanger. Theability of theion exchanger
to distingui sh between the various counter ions species
iscalled sHectivity.

Thesdectivity coefficientsinion exchangesystems
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can describetheion exchange equilibrium and provide
ameansof determining what to expect when various
ionsareinvolved. However, they are not constant and
vary with the operation conditions such astypes and
propertiesof theresins, concentration of thefeed solu-
tion, pH of the solution, temperature, and the presence
of other competingionsin the solution*8.

Whentwoionshavesmilar chargeandionicradii,
the selectivity stemmed from the propertiesof theion
exchange materid (acidity, basicity, and thedegree of
crosdinking) isnot suffident for performing effectivesepa
ration. Therefore, an appropriate complexing agent has
to be added to theagueous phaseto dlow the sdectivity
to beattained through @ther thedifferenceinthestability
constants, thedifferencein charges, or thevariationin
the structures of the complexesformed. Asaresult, an
increased selectivity can beachieved. However, thede-
termination of sdlectivity coefficientsispracticaly com-
plicated task andisordinarily not undertakenin thede-
sgn of ion exchange processes such aswastetreatment
systems. In fact most of these parameters can be ex-
tracted from manufacturers’ data or research literaturel*.

Therulesof thumb that haveto be considered for
generd design purposeswhen cationic polymericion
exchangematerialsat low concentrationsand normal
waste processing, thesdectivity typicaly increaseswith
increasing chargeon theexchanging cationintheorder:
Li+ <H+<Nat <K*<Cs' <Rb"<Ag'<Be* <
MgZ+ < Cu2+ < Ni2+ < COZ+ < Ca2+ < Srz+ < Ba2+ <
Ce** <La* < Th*. Sdlectivity dsoincreaseswithin-
creasing the atomic number (decreasing hydratedionic
radii) of theexchanging cationintheorder of Li* <H*<
Na" <K*<Cs" (Li*isanexception, owingtoitshigh
hydration energy). For anions, atypical seriesof selec-
tivity isasfollows: F= OH <HCO, <CH,COO <CI
<HSO, <Br<CrO,*<NO, <SCN <I'<ClOQ, <
C,0,7 <SO/z.

Inorganicionexchangerswiththeir muchmorerigid
three- dimensional frameworks undergo much less
dhrinkageor expansoninpardld stuation. Theseinor-
ganic exchangerswill show different propertiesfrom
organicion exchangeresinsby experiencingionsieve
and steric effectd?.

lon sieve effect
Inorder to replace protonsintheacid form of inor-

ganicionexchangers, thecation presentintheexterna
solution must diffusethrough thewindows connecting
the cavities. Thewater moleculesof the hydrated ions
areexchanged frequently with bulk water moleculesin
the solution. When the size of thewindow issmaller
than the diameter of the hydrated counter ions, apart
or all thewater of the hydration shell must belost to
alow the cation to passthrough thewindow. If the cat-
ions can passtheinorganic ion exchanger poresafter
havinglost water molecules coordinated to them in so-
lution, thedistinct kinetic observed varieswith the hy-
dration energies of thevariesions. If the counter ions
havelarger crystal ionic radii than thisopening of the
window, ion sSieveeffect canprevail (Figure3).

Figure3: lon sieveinion exchange material

lon Seveeffect can be used to eva uatethewindow
szeof gructuraly uncharacterizedinorganicion exchang-
ers. A seriesof cation differing in sizeistested in ex-
change experimentsfor thispurpose. Thevanderwads
dimensionfor akyl anmonium cationsavailableover a
widerange of values?® has been of useto such apro-
gram. When cationsaresmaller than 0.6 nmintwo di-
rections, they can pass through the window of the C-
SbA gructurewithout any res sanceand exchangewith
thecationsinitidly present. For thecationsextendingless
than 0.6 nminonly onedirection, thecation may passits
window with somedistortion. However, acation larger
than 0.6 nmin al threedirections cannot passthewin-
dow, evenif the cavity has enough room for thelarge
cations. Cations such as (CH,),N* and (C,H_),N* can
only beadsorbed on the surface of the C-SbA exchanger
anditswindow size, asaconsequencecan be estimated
to beabout 0.6 nm.
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The a-zirconium phosphate hasalayered structure
inwhich each layer consistsof aplane of zirconium
atoms coordinated octahedrally to oxygen. Thefree
gpaceinthesdesof thelayered structureislargeenough
to alow aspherica ion of 0.263 nm diametersto dif-
fusethe cavity without any obstruction and is acces-
sibletoLi*, Na" and K*. However, thesize of thewin-
dow is smaller than theionic spheres of Rb* (0.296
nm) and Cs' (0.338 nm) and theion sieveeffectisen-
countered with theseions,

Acidsdtsof group IV phosphateand arsenate have
layered structureswithinterlayer distanceslargeenough
to accommodateanumber of ions. Thesizeof theopen-
ingtothecavitiesof theacid sdtswiththesamelayered
gructureisdependent upon the particular composition.

Seric effect

If thereisnot enough availablespacefor ingoing
largeionswithin the cavitiesin the exchangers, their
exchange becomesincreasingly difficultin thecourseof
theion exchangereaction®?2, Theextent of the steric
effect indicated by the absol ute values of theKielland
coefficient Cthat iscd culated from thefollowing equa
tion:

INK" =4.606CX,™+(InK" )X,

Where,

KM, risthecorrected selectivity coefficient

X,,"™ - istheequivaent fractionsof theexchangingM™
intheexchanger phase.

C:istheKidland coefficient.

Theabsoluteva ues of thekielland coefficient in-
creasegeneradly withincreasang differenceinthecrysta
ionicradii of thetwo exchanging cations. Incomplete
exchange can aso arisewith largeionsfrom | ake of
interstitial spaceeven when noion sieveeffect occurs.

The sdlectivity sequence dependsvery much onthe
effect of steric factors astheretention proceeds. For
theakali meta ions/ H* system onthe crystallineanti-
monic acid, the selectivity sequencesareafunction of
X+ Theorder of increaseis; Li* <K*<Cs'<Rb*<
Na' for X,,=0.0-0.1, Li* <Cs'<K*<Rb* <Na" for
X, =0.1-0.32, and Li* < Cs" <Rb" <K* < Na" for
X, =0.32-1.0. The selectivity coefficient for Na'is
attributed to highly negative values of (AH°) and mini-
mal contributionsof (AS°) at tracelevel concentrations
of sodium ionf?-22,

DIFFERENT TECHNIQUESFOR SYNTHE-
SISOF INORGANICION EXCHANGERS
WITHIONMEMORIES

In- Situ precipitation technique

Inthistechniquecationsor anionswerein-Situ pre-
cipitated inthestructure of ion exchangematerid sdur-
ing the preparation of ion exchange materia sprocess.
Thisprocessalowstothecationsor ionstobeholdin
thetexture of theion exchangemateriasand occupies
some placesin thetexture. Theseplacesand itsnum-
bers depend on the size and the charge of thein-situ
preci pitated cationsor anionsand the nature of thesolid
formed (amorphousor crystalline). Thesein-situ cat-
ionsor anionsintheion exchange materiascan under-
goesto someelution processesusing different e uants
to eliminate these cations or anionsfrom thetexture,
cavitiesand poresof theionexchangematerialsleaving
empty places. These places can rel oad again with the
same cationsor anions (ion memory).

In-gitu precipitation of someradionuclidessuch as
13Cs, Co, 8Sr and 2%Eu with cerium (1V)
antimonate (CeSb) andtin (IV) antimonate (SnSb) was
carried out by Abou-mesalamiZ!, The data obtained
(TABLE 1) showed the higher valuesof decontamina
tion factor (DF) and volume reduction factor (VRF)
for 3Cs, %Co, 8Sr and ¥521Eu with cerium (1V)
antimonatethantin (IV) antimonate.

TABLE 1: Chemical in-situ precipitation of *Cs,%Co,®Sr
and %23%Ey with cerium (1V) antimonate and tin (1V)
antimonate

lon Exchanger  In-Situ Cations Uptake,% DF VRF
¥cs 81.14 53 42

60
Co 83.5 6.08 5.0

CeSh o
Sr 87.79 918 52
182154 7218 359 45
B¥ics 60.87 256 3.57

60
Co 7581 415 3.80

SnSh &
Sr 87.79 819 5.00
182154 89.79 6.53 5.60

Also, in-gtu precipitetion of someradionudidessuch
as 2Na, ¥Cs, ©Co and 2Eu with titanium (1V)
antimonate (Ti Sb) wascarried out by Abou-mesdam,
The data obtai ned showed sel ectivity sequence **Cs
> 2Na> 15218y > ©Co, Removal and leach rates of
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these cationsfrom thetitanium antimonite (Tisb) in dif-
ferent mediawas reported.

Dopingtechnique

Doping techniqueisthe process of adding some
meta stoinorganicion exchange materialstoimprove
their characterization, structuresand application.

Inthefidd of ion exchangematerid s, somedopants
weredoped intheinorganicion exchange materialsto
obtain anew materid withanew characterization. The
new ion exchange materia sthat obtained from the dop-
ing process can undergoesto some physical treatment
(such asthermd treatment) and chemical treatmentsto
eliminatesthesedopantsfrom thetexture, cavitiesand
poresof theionexchangemateridsleaving empty places.
These places can reload again with the same cations or
anions(ionmemory).

New mixed materid swith cation substitution are of
interest sincethey show improved ion exchange prop-
ertiesand selectivity for particular metal ionsin com-
parison to their singlesalt counter parts. Thisbehavior
may attributeto; cation substitution altersthe proper-
ties, composition and dimensionsof thestructure. It has
been reported that the affinity of antimony silicateto-
wards Cs' can be improved by doping with Ti(1V),
Nb(V), Mo(VI1) or W(VI) indifferent molar ratiosand
itwasfoundthat Cs' selectivity inacidincreasedwitha
ternary Sh-Si-W system?!, Preparation and charac-
terization of sodium iron titanate® anditsapplication
inheavy metal remova fromwastewatershasa so been
reported. Theinterest in usinginorganicion exchangers
withrareearthionsisduetotheahility of theseions, for
example, increasingtheacid Stesinthestructureof cata-
lystsimprove the adsorption characters?”. In 2010,
Ali studied thedoping effect of rare earthionsonthe
sorption propertiesof the crystallinesodium titanate?.
Sodiumtitanatein aneedlelikecrysta swas obtained
fromthefusion of TiO, with sodium carbonatein 2:1
molar ratio asamore stable materia in aguatic envi-
ronment. A series of therare earth doped-sodium titan-
ateswere synthesized. It wasreported that rare-earth
doped —sodium titanate series showed responsible af-
finity towards Ce, Nb and Smionsintheir solution mix-
turewithinggnificant selectivity trend whichreflect the
high stability of rare earth-NaTi matrices.

Inthefield of semiconductor industry the process

was carried out by adding some desirable atomsin
the semi conductor. These atoms or metals are known
asdopants. After addition of these dopantssomeof the
properties of the conductors can be changed accord-
ing to our need.
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Thin film deposition technique

Thisprocessistheability to deposit thin films of
material. Inthistext we assumeathinfilmto havea
thicknessanywhere between afew nanometersto about
100 micrometer. Deposition technol ogy can beclassi-
fiedintwo groups:

1 Depositions that
achemical reaction:

e Chemicd Vapor Deposition (CVD)

e Electrodepostion

e Thermd oxidation

These processesexploit the creation of solid mate-
riasdirectly from chemical reactionsingasand/or lig-
uid compositionsor with the substrate material. The
solid materia isusudly not theonly product formed by
thereaction. By productscanincludegases, liquidsand

happen because of

—==>  [H01jANIC CHEMISTRY

Au Tudian Journal



106

lon memory in inorganic ion exchangers

ICAIJ, 8(4) 2013

Mieroreview
evenother solids.

In Chemica Vapor Deposition (CVD) process, the
substrateis placed inside areactor to which anumber
of gasesaresupplied. Thefundamenta principleof the
processisthat achemical reaction takesplace between
the source gases. The product of that reactionisasolid
materid with condenseson dl surfacesinsidethereac-
tor.

2 Depositions that
aphysical reaction:

e Physical Vapor Deposition (PVD)

e Cadting

Physical Vapor Deposition (PV D) coversanum-
ber of deposition technologiesinwhich material isre-
leased from asource and transferred to the substrate.
The two most important technologies
are evaporation and sputtering.

Common for al these processesarethat the mate-
rial deposited isphysically moved onto the substrate.
In other words, thereis no chemical reaction which
formsthe material on the substrate. Thisisnot com-
pletely correct for casting processes, thoughitismore
convenient to think of them that way.

happen because of

lonimplantation technique

lonimplantation isalow-temperaturetechniquefor
theintroduction of impurities (dopants) into semicon-
ductorsand offersmoreflexibility than diffusion. For
example, intransistors, ionimplantation can beusedto
accurately adjust thethreshold voltage. Inionimplan-
tation, dopant atomsarevolatilized, ionized, acceler-
ated, separated by the mass-to-chargeratios, and di-
rected at atarget that istypically asilicon substrate.
Theatomsenter thecrystal lattice, collidewiththehost

atoms, lose energy, and finally cometo rest at some
depthwithinthesolid. Theaverage penetrationdepthis
determined by the dopant, substrate materias, and ac-
celeration energy. lonimplantation energiesrangefrom
severd hundredto severd million electronvolts, result-
ing iniondistributionswith average depthsfrom < 10
nm to 10 p. Doses range from 10* atoms/cm? for
threshold adjustment to 10* atoms/cm? for buried di-
electricformation.

IONMEMORY TECHNOLOGY

Memory dfinition

Generdly, memory means.

e Teremember of events, things, places and any
thingsplay animportant roleinhumanlife.

o Slf-’sability to retain past experience and restored

e Forcewhen peoplekept thingsinmind and re-re-
vived when gppropriate.

lon memory ininorganicion exchangers

lon memory ininorganicion exchangersrefersto
the construction of material by keepingionicbonding
for exchangeableionsin framework of coordinationion
memory after exchanging particular ion with otherion
tomaintainfundamentaly origind structures.

lon memory effect

Theretention of high sdlectivity for aparticular cat-
ion after exchanging with other cations hasbeen sought
by endowing the crystalline structure of theinorganic
ion exchanger with afixed and well-defined structure.
Examplesintheliteraturewhich exhibit thischaracter-
istic and endow theion-exchange memory sought, asa
result, have been reported.

For example, Vol ’khin et al.”* have prepared man-
ganese oxidein spina type, by exchanging proton for
lithiumionsinmanganeseoxidecontaninglithiumions.
Similar results were obtained with the A-type
MnO, 231, These oxides showed an extremely high
selectivity for Li* ions. Cryptomel anetype manganese
dioxide prepared from potassium permanganate and
manganous sul phate showed an extremely high selec-
tivity for K*iong®3. Thecrystd structurewas observed
to remain essentidly unchanged after exchanging Li* or
K*ionsinthese oxideswith H*.
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Theseresults suggested that materia can be con-
Structed by kegping ionic bonding for exchangeableions
in framework of coordination ion memory after ex-
changing particular ion with other ionto maintain fun-
damentdly origind structures.

Lithiumion memory ininorganicion exchangers

A new crystalline antimonic acid HSbO,0.
0.12H,0 has been prepared from LiSbO, by the
Li*/H* ion exchangereaction affected with concentrated
nitric acid solution. TheLiSbO, was obtained by hest-
ing LiSb(OH), at 900°C. TheLiSb(OH), was prepared
by the addition of LiOH solutiontoaSh(v) chloride
solution at 60°C. The x-ray diffraction pattern (XRD)
of HSbO,0. 0.12H,0 has been attributed to mono-
clinic cell configuration. This monoclinic cell of
HSbO,)M-SbA) hasessentialy the same arrangement
as the LiSbO, where the oxygen atoms form adis-
torted hexagond closebacking configuration with anti-
mony and lithium occupying some of the octahedral
holes. TheLiSbO, isaso obtained by heating amix-
ture of Sb,0O, and Li,CO..

ThepH response of M-SbA to neutralization with
standard baseisapparently that of astrong monobasic
acidfor theakali metd ion/H* system®. Theorder of
metal ion uptake is K* < Rb* < Cs' < Na' << Li*
throughout the pH range studied. TheM-SbA exhibits
acapacitiesof Na and Cs" at pH = 1.6 arehigher than
thosefor K* or Rb* at pH = 3. The XRD patterns of
the products exchanged with Na“ and Cs" at low pH
show the presence of amixture of cubic and mono-
clinicantimonic acids. No phasetransformationisob-
served at pH > 5, however, alargeion-exchange ca-
pacity of 4.3 meq./gisobtained at pH = 11. Thermo-
dynamically based parametershave been resolved for
theLi*/H* exchangewith M-SbA by applyingthesm-
plified Gaines-Thomasequation through use of the pH
datacompiled during neutralization of the theoretica
capacity of 5.7 meq./g assigned toit. Theequilibrium
constant for the Li*/H* exchange at 25°C was deter-
minedtobe7.09x10°leadingtoaAG,,, vaueof 12.25
KJmole. TheAG,,, valuedecreaseswithincrease of
temperature, indicating that thereactionisfavored by
increase of temperature. Thisindicatesan entropy- pro-
ducing process prevailsintheLi*/H* exchange system.
In conclusion, the studiesindicatethat lithiumion ex-

change occurspredominantly with protonsimmobilized
in Sb-OH*. Similar conclusions arereached from the
resultsobtained with Li*/H* systemsin contact with cubic
niobic acid®! and cubic tantalic acid®. An extremely
high selectivity for lithium ionsintheseion-memory-
based exchangersisduetotheszabledectrogtaticforce
between the stesand thelithiumionswhosehydration
shell hasbeen removed by theexchangers. M-SbA can
beappliedfor thesdectiveremovd of lithiumionsfrom
seawater and hydrothermal water®d,

Theion-exchanger LiAITiO, of spinal type was pre-
pared by thecommon preci pitation/hydrothermd crys-
tallization method, and was acid-modified. Itsion-ex-
change propertiesfor dkai ionssuch as saturation ca-
pacity of exchange, distribution coefficient and pH ti-
tration curveweredetermined. LiAITiO, was charac-
terized by the X -ray diffraction method. Theacid treet-
ment of LIAITIO, caused Li* extraction ratio to change
from 28% to 72%, whilethe dissolution of Al isless
than 6.8%. Thisinorganicion-exchanger (LIAITIO,-
700) hasahigher saturation capacity of exchangefor
Li than for other akali ions, the saturation capacity of
exchangefor Li* reaches 4.29 mmol/g (30.03 mg/g);
LiAITiO,-700(H) hasahigher sdlectivity of ion exchange
for Li* than for other alkali ions. These results show
LiAITIO,-700(H) has better memory and sel ectivity of
ion exchangeand higher capacity of ion exchangefor
Li*. Itisakind of prospectiveionicsievefor Li**".

HanWen a wasreport asummary for itsstudy on
inorganicion-memory materid sdectivity™. Author was
synthesizing potass um tungsten which hasmemory ef-
fect on K* when they are mixed and heated. Sulphuric
acid sol ution of potassium permanganate and sulphuric
acid solution of manganese sul phuric synthesizehydrated
manganese oxidewhich hasmemory effect on K* after
precipitating, acid washing and water washing under
60!. MSbA and spinal LiMn,O, have evident ion-
memory effect and raised many important questions
existinginthestudy.

MitsuoAbeet d.*¥ werestudied synthesisandion
exchange propertiesof lithiumion selectiveinorganic
ion exchanger by applying ion memory effect. A new
crystalline antimonic acid HSbO,0.12H,0 was pre-
pared by Li*/H* ion exchange reaction with concen-
trated nitric acid solution from LiSh0,. TheLiSbO, was
obtained by heating LiSb(OH), at 900°C. The Li
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Sb(OH), was prepared by the addition of LiOH solu-
tionto Sb(V) chloride solution a 60°C. The X-ray dif-
fraction pattern(XRD) of HShO,0.12H, O wasindexed
to a monoclinic cell with a=8.676 A, b=4.752 A,
c=5.263 A and p=90.75°. The pH titration curves of
monodinicantimonicacid (M-SbA) showed gpparently
monobas cacid for the systemsof dkai meta ions/H*.
Theuptakeorder of themetd ionsareK* <Rb* <Cs* <
Na" <Li* throughout the pH range studied. The low
uptakesof K*, Rb*, Na" and Cs* at high pH might be
dueto stericor ion sieveeffectsfor large unhydrated
cationson M-SbA. Thermodynamic datawerederived
for Li*/H*exchangeon M-SbA from pH titration curve.

Anatoly |. Bortun et al. was study the selectivivity
of titanium phosphate for cesumionsby ion memory
effect®. Two synthetic methodsfor the preparation of
spherically granulated titanium phosphates (TiP), as
cesum selective exchangers, have been carried out. The
first method usesthe “ion memory” effect for the for-
mation of specific adsorption sitesinthematrix of TiP,
whereasthe second method resultsin the preparation
of granular titanium phosphate - ammonium
molybdophosphate (TiP-AMP) composites by agel
technique. Theefficiency of thenew materid shasbeen
studiedin complex systems. The cesium distribution
coefficientsfor someof thesorbentsprepared arehigher
than 40,000 mL/g. It was found that, due to
high exchange capacity, regenerability and high selec-
tivity for cesum, TiPmateria swith “ion memory” ef-
fect can beused for radiocesium recovery from ground
and surface waters, whereas granular composite TiP-
AMP exchangers are useful for the treatment of cesium
containing acid nuclear wasteswith ahigh content of
background el ectrolytes.

lon memory in silicatesasinor ganicion exchang-
ers

In our laboratoriesand theliterature-*d theeva u-
ation of theion exchange properties of various syn-
theticinorganicion exchange materia sindicated that,
most of inorganicion exchangerslossits capacitiesor
great extent of itscapacitieswhen treated at high tem-
perature. So, Abou-Mesalam et al .[8l attempt to over-
come of these problems by thermal treatment of the
exchangersintheloaded form at high temperatureto
congtruct themateria by keepingionicbondingfor ex-

changeableionsinframework of coordination bond-
ing. If thisisdone, then the product will show high se-
lectivity just asto beretained inion memory after ex-
changing particular ionwith other iontomaintain fun-
damentdly origind structures.

Perform of silicateasinor ganicion exchanger with
selectivity studies

Magnesumdlicate (M S) and magnesium aumino
slicate(MAS) ion exchange materid swere prepared
asreported earlier® by equimolar solutions (0.25 M)
and volumetricratio equd to unity. Theskeletal struc-
ture of both material swas elucidated using different
tools, IR, XRD, XRF, DTA and TGA analyses. The
structures of MS and MAS were found to
MgSi, O 5.93 H,0 and MgAl, ..Si.,O

5.59 ~12.18" 5.2714.88"

18.23H,0, respectively.

TABLE 2: Capacity of original magnesium silicate (OM S),
Original magnesium alumino silicate (OMAYS), Treated
magnesium silicate (TM S) and Treated M agnesium alumino
silicate(TMAS) for Cs', Co* and Eu* ionsat 25+1 °C

Capacity, meq./g

lon exchanger Form of ion exchanger
Cs" Co* Eu®
Magneso- silicate OMS 055 114 1.39
(MS) ™S 0029 0.041 0.048
Magnesium OMAS 0.77 106 1.09
alumino-silicate (MAS) TMAS 003 004 0045

Theloading of MSand MASion exchange materi-
alsby Cs', Co?* and Eu®** ionswerecarried out at 0.1
M for Cs, Coand 0.01 M Eu nitrate solutionsand batch
factor (V/mratio) 200 ml/g. The capacity of these sol-
idsfor the corresponding ionswereca cul ated and tabu-
latedin TABLE 2. Thedatain TABLE 2 showed that
M S hasahigher capacity for Co?* and Eu** ionsand
lower capacity for Cs"ion compared to MASand the
overall capacity sequenceis Eu®* > Co? > Cs'. This
sequence may be attributed to theincrease of eectro-
staticinteraction of multivaent cation comparedto the
monovaent ones*>, Whenthesolidsthermally treated
at 850 °C the capacity are decreased from 0.55 to
0.029 meg/gfor Cs'ion, 1.14t0 0.041 meg/g for Co**
ionand 1.39t00.048 meg/gfor Eu**iononMS. Simi-
lar behaviour was observed for thecapacity of TMAS
ion exchanger. Thisdecreasein capacity may bere-
lated to thelossof water molecul esthat act asexchange-
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ableactivesteand/or anincreasein crystdlinity during
thermal treatment at 850 °C.

Design of ion memory in silicateasinorganicion
exchangers

Theloaded samplesof magnesium silicate (M S)
and magnesium alumino silicate (MAS) werethermal
treated at 850 °C in furnace and the products were
characterized by surfacearea, IR, XRD studies.

Surface area values of OMS, OMAS, TMS,
TMAS, ETMS and ETMAS solids were measured
using the standard volumetric method by nitrogen gas
adsorption at 77 K and application of the BET- equa-
tion. Thevauesof the surface areaobtained wererep-
resented in TABLE 3 and showed ahigher surfacearea
valuefor MScomparedto MAS. Thismay berelated
to the presenceof duminumin MASIeadsto decrease
of some pores present in M S and perhaps cancel of
these pores.

TABLE 3: Surfaceareavaluesof original magnesium sili-
cate(OM S), original magnesum alumino silicate (OMAS),
treated magnesium silicate (TMS), treated magnesium
aluminodlicate(TMAS), exchanged tr eated magnesum sili-
cate(ETM S) and exchanged tr eated magnesium alumino sili-
cate(ETMAS) ion exchangers

Form of ion exchanger Surface area, m?g

OoMS 178.47
T™MS 22551
CsTMS 68.59
Co-TMS 88.22
Eu-TMS 52.02
OMAS 83.46
TMAS 160.58
CsTMAS 3151
Co-TMAS 42.0
Eu-TMAS 22.71

Thermal treatment of OMS, OMAS, EMS and
EMASion exchangersheated at 850°C indicated that
thetreatment of OMSand OMAS solidsleadstoin-
crease of the surface areavaluesto high extent. This
increase may be attributed to the loss of water mol-
eculesthat occupy most of the reactive pores present
intheexchangers. Also, at high temperature (850°C)
ion exchanger may be undergo to some shrinkagein
thelattice structure and create anew channel with a
new surface areathat leadsto anincreasein thetotal

> M feroreview

surface areavalues. During the exchange of Cs', Co?*
and Eu** ionson M Sand MAS solidsonewould ex-
pect the replacement of exchangeableions (H* of H-
O-H) with Cs*, Co?* and Eu** ions. The surface area
valuesof theETMSand ETMASion exchangersare
decreased compared to OMS, OMAS, TMS and
TMASionexchangematerid s (TABLE 3) and theor-
der hasthefollowing sequence;

TM S(225.51 m?/g) > Co-TM S(88.22m?g) > CsTM S(68.59
m?g) > Eu-TM S(52.02 m%g),

and

TMAS(160.58 m?/g) > Co-TMAS (42.0m?g) > Cs TMAS
(31.51m?/g) > Eu-TMAS(22.71 m?g).

This sequence can be explained onthebasisof re-
placement of exchangeableionsby cation, duringthe
exchange process the smaller ions (H*, H-O-H) are
replaced by ionsof different radius (Eu** > Cs' > Co?)
and the surface areaare reduced from 225.51 m?/gto
52.02, 68.59 and 88.22 m#¥g for Eu-TMS, CsTMS
and Co-TMS, respectively. In caseof ETMASthesur-
face area values are decreased from 160.58 m?/g to
22.71,31.51 and 42 m?/gfor Eu-TMAS, CssTMAS
and Co-TMAS, respectively.

IR studies of OMS, TMS, ETMS and OMAS,
TMAS, ETMASwere carried out and the spectraob-
tained wererepresented in Figures. (4 and 5), respec-
tively. The spectrain figures (1 and 2) represent the
decrease of the strong and broad peaksin the range
3600 - 2800 and 1643 cm'* that assigned to free water
and H-OH bending and interstitial water moleculeg*)
whentheOMS, OMAS, EMSand EMASthermally
treated at 850°C. Also, the degree of intensity decreas-
ingispardld tothe capacity measurements, wherethe
peak intensity related to H,O becomesvery low in case
of exchange Eu- ion exchanger and lower than ex-
changed Co- and Cs- ion exchangers. The peaks at
860-1175 and 550-450 cm™ that related to silicate (Si-
O) groups*! becomes more sharp and have highin-
tensity by thermal treatment of theion exchanger. The
spectra of the treated exchange Co- ion exchangers
show two small pesksat 673 and 570 cm® that may be
related to theadsorption of Co?*iononMSand MAS.
These peaks were appeared but shifted to lower fre-
guency wherethe adsorption of atom or moleculeson
thesurface of theion exchanger perturbsthe motion of
atom or agroup, causing ashiftin somegroup vibration
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frequency®!, such ashiftisevidencethat thedeforma
tion frequency at 2800 cm* onthe hydrogenionform
isaffected by chemically adsorbedions. A small pesks
at 944 cm in spectra of treated exchange Co- and
Eu- ion exchangers are appeared (Figures. 4 and 5)

En-TMS

Ce-TMS

TS
\J’\
Buommn o0 D00

IV orvwwrarmeurw fome " )

Figure4d: IR spectraof OMS,CsTMS, Co-TM Sand Eu-
TMS

Temmaitnce
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TMAS, ETMASarerepresentedin Figures. (6and 7),
respectively. Thepatternsof al treated and all treated
exchangeion exchangersreveal ed exactly the same
diffractometer asthe OMSand OMAS. Thereforeno
possible structure change caused in the treated and
treated exchange of some cationswith the exchangers
and wefailedto arriveto any defined conclusion ex-
cept that both exchangerstill exhibit amorphouschar-
acter after treatment for the original and exchanged
magnesiumand magnesumaumino- dlicates Also, this
result indicated the high stability of both exchangersto
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Figure7: XRD patternsof OMAS TMAS,CsTMAS Co-TMAS
andEu-TMAS

TABLE 4: Desorption of Cs', Co** and Eu** ionsfromETM S
ion exchanger by different concentrationsof HNO, at 251
°C

Form of ion Vol. of % % Overall
Effluent
exchanger effluent, ml  Recovery  recovery
S T W oy - CoTMS 0.01 M HNO; 40 46.94 5408
. . S -
Figure5: IR spectraof OMAS, TMAS,CsTMAS, Co-TMAS 0.1 M HNOs o5 714
andEu-TMAS
0.01 M HNO;4 40 15.3
Co-TMS 23.29
0.1 M HNO; 25 7.99
0.01 M HNO3 40 29.86
Eu-TMS 69.12
0.1 M HNO3 30 39.26
hightemperature,

Iserassty (hcpn)

Figure6: XRD patternsof OMS TMS,CsTM S, Co-TM Sand
Eu-TMS

that may be dueto M-M bond formation?,
XRD patternsof OMS, TMS, ETMSand OMAS,

Theion memory in silicate was studied by des-
orption of samplesETMSand ETMAS. Theresults
obtained for the desorption of three sorbed cations
Cs, Co* and Eu* from MS and MAS are repre-
sented in TABLES (4 and 5), respectively. TABLE 4
showsthat the desorption extent of Cs', Co?* and Eu®*
ionsfrom ETMSin 0.01 M HNQO, ishigher than those
obtained by 0.1 M HNO,. Thisindicated that these
sorbed ionsare physically or weakly bonded with the
exchanger and the other extent aretrapped in pores
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and channel inthe ETM S, so when higher concentra-
tion of HNO, used the small extent trapped are re-
covery. Onthe other hand, desorption of the above
mentioned cationsfrom magnesium alumino- silicate
show small desorption extent by 0.01 M HNO,
(TABLE 5) and the mgjor extent arerecovery by 0.1
M HNO,. This may be attributed to the strong ad-
sorption of these cationson MA Sasrepresented from
IR spectra (Figure2). TABLES (4 and 5) also indi-
cated that the overall recovery percent of these cat-
ionsfrom MASishigher than those obtained from
MSion exchanger.

TABLES5: Desorption of Cs', Co?* and Eu** ionsfromETMAS
ion exchanger by different concentrationsof HNO, at 25+1
°C.

Form of ion

Vol. of % % Overall

Effluent

exchanger effluent, ml  Recovery  recovery
0.01 M HNO;3 40 29.0

CsTMAS 88
0.1 M HNO; 40 59.0
0.01 M HNO;3 40 8.72

Co-TMAS 21.84
0.1 M HNO; 35 13.12
0.01 M HNO;3 40 25.52

Eu-TMAS 94.16
0.1 M HNO; 60 68.64

Magnesumdlicate(MS) and magnesiumaumino
silicate (MAS) ion exchangers produced from the
desorption studies were taken to study the ion
memory of these exchangers to the previous ex-
changeableions(Cs*, Co?" and Eu**) in framework
of MSand MAS.

Selectivity modificationin silicateasinorganicion
exchanger sby ion memory

The capacity and selectivity of theeluted ETM S
and ETMASfor Cs', Co* and Eu** ionswere studied
and the results tabulated in TABLE 6. The data in
TABLE 6 showed that the sdlectivity of MSand MAS
for Cs', Co*" and Eu* ionsaremodified in thedirec-
tion of the exchanged form of theion exchangersand
the sel ectivity sequence seemsto be;

Cs" (0.33 meg/g) > Co* (0.31 meg/g) > Eu®*
(0.087 meg/q) for eluted Cs- M S, Co?* (1.09meq/g) >
Cs'(0.55meg/g) > Eu** (0.139 meg/g) for eluted Co-
MS, Cs' (0.59 meg/g) > Co?* (0.48 meg/g) > Eu®*
(0.153 meg/qg) for eluted Cs- MAS and Co?* (0.75
meg/g) > Cs'" (0.23 meg/g) > Eu** (0.066 meg/qg) for
eluted Co- MAS.
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TABLE 6: Capacity of eluted ETM Sand ETMASion ex-
changersfor Cs", Co?* and Eu®*ionsat 25+1 °C

Capacity, meq./g

Form of ion exchanger

Cs' Co* Eu®
Eluted CssTMS 0.33 0.31 0.087
Eluted Co-TMS 0.55 1.09 0.139
Eluted Eu-TMS 0.075 B.D.L. B.D.L.
Eluted CssTMAS 0.59 0.48 0.153
Eluted Co-TMAS 0.23 0.75 0.066
Eluted Eu-TMAS 0.33 B.D.L. 0.07

B.D.L.: Below detection limit

Theseresultssuggest that thematerial scan becon-
structed by keeping cavity for exchangeableionsinthe
framework of coordination bonding; the product will
show high selectivity for theexchangeableionsjust as
to beretained inion memory after exchanging particu-
lar ionwith other ionto maintainfundamentaly origina
structures. For the eluted treated Eu- solids, the ca-
pacity valuesfor the studied cationsisvery low and
have not definite sel ectivity that may be attributed to
the higher cavity created by thermal treatment of the
solid and this cavity may undergoes some shrinkage
and dividedintolargenumber of small cavity that make
satiric hindrance and leadsto very low capacity values
for thestudied cations.

By comparison thedatain TABLES (2 and 6) we
found that MSand MASion exchangersarel oss~ 94-
96 %fromitsorigind capacitieswhenthermdlly treated
at 850°C (TABLE 2), on the other hands, the eluted
EMSand EMASthermally treated at the same high
temperature have capacity va uesrdatively smdler than
itsoriginal values. Thismeansthat we can overcome
theproblem of theloss of capacity of theion exchang-
ersat high temperature by thermally treatment of the

exchanged magnesumand magnesumaumino-glicaes
SHAPE MEMORY EFFECT

Shape memory effect, first discovered inbinary d-
loysof Cu—Zn alloys and Cu—Sn alloys in 19384, was
not widely applied until thediscovery inNi-Ti alloys in
196352, In addition to the shapememory effect giving
thematerid theability toreturnto apredetermined shape
when heated, NiTi shape memory aloys(SMASs) are

capableof displaying pseudo dadticity givingthemate-

==  [H01jANIC CHEMISTRY

Au Tudian Journal



112

lon memory in inorganic ion exchangers

ICAIJ, 8(4) 2013

Mieroreview

rid theability to transform between phases upon |oad-
ing and unloading and recover toitsorigind zerostrain
shape after significant deformation. With the properties
such asrepeatability, wear resistance, corrosionresis-
tance and biocompatibility, NiTi isthemost commer-
cialy successful shape memory aloy®™**%. The shape
memory effect of NiTi isrelated to amartensgitic trans-
formation between the high-temperatureaustenite phase
and thelow-temperaturemartensite phase. Unlikefully
annedled near-equiatomic Ni—Ti alloys which transform
from austenite to martensite directly, post-aged near-
equiatomic Ni—Ti alloys normally transform in two steps
showing two peakson thedifferential scanning calo-
rimetry (DSC) curvein thecooling direction. Thefirst
DSC peak corrdaeswith thetransformation fromthe
austenitein acubic structure (B2) to the R-phaseina
rhombohedral structure; the second DSC peak corre-
lateswith thetransformation from the R-phaseto the
martensitein amonoclinic structure (B190)©. Dlouhy
et a.> proposed anew explanation based ontheir in-
Stu TEM observation that the second DSC peak inthe
cooling direction may includetwo transformations: R-
phaseto B190in thegrain boundary regionswith pre-
cipitates, and B2 directly to B190 in the precipitate-
freegraininteriors. Multi-step (three or more steps)
transformation could occur in appropriatel y aged near-
equi alomic Ni—Ti alloys. The explanations for the con-
ditionsof multi-step transformation are till debated>™
& butitisclear that Ti11Ni14 precipitatesenhancethe
R-phase formation which isfavorable for the shape
memory effect®.

LuisAlberto et al.[? studied Nanoparticlesfrom
Cu-Zn-Al shapememory dloysphysicaly synthesized
by ionmilling deposition; anionmilling equipment was
used to elaborate nanoparticlesfrom Cu-Zn-Al dloys
with shapememory effect. Two different compositions
were used, target A: 75.22Cu-17.12Zn-7.66Al at %
withanMsof -9 °C and target B: 76.18Cu-15.84Zn-
7.98Al withan Msof 20 °C. Nanoparticles were char-
acterized by High Resolution Tranamission Electron Mi-
croscopy, Electron Diffraction and Energy Dispersive
X-ray Spectroscopy. The obtained nanoparticles
showed asmall dispersion, with asizerange of 3.2-
3.5 nm. Their crystal structure is in good agreement with
thebulk martengtic structureof thetargets. Inthissense,
resultson morphol ogy, composition and crystal struc-

ture have indicated that it is possible to produce
nanoparticles of CuZnAl shape memory alloyswith
martengitic structurein asingle processusing lon Mill-
ing.

HeH et al.®¥ found that The sel ective adsorption
of phosphateionswasinvestigated on CO,%, CI-, and
NO, -typeZnAl layered double hydroxides (LDHS)
and the calcined CO_*-type LDH at 200, 400, 600
and 800°C, respectively. Thecalcined LDHsand NO,
-type LDH showed high sdlectivity toward phosphate
ions, whilethe Cl-type LDH shows sl ectivity toward
both SO,* and phosphateions. The NO,-type LDH
selectively adsorbed phosphateionsmainly through ion
exchange. The calcined samples possibly proceed
through ligand compl exation or  ectrostatic attraction
between phosphateionsand hydrated ZnO formed af -
ter cdcination, dthoughthestructurd memory effect was
observed for the samples cal cined bel ow 600°C with
theformation of CO,*-type L DH. Adsorption/desorp-
tion behaviorsindicated that the cal cined sampleshad
good stability and reusability.

APPLICATION OFION MEMORY
TECHNOLOGY

Recently, Application of ion memory techniquein
thefield of inorganicion exchangersisvery important
especidlyintherecovery of vauablemetasinindustry
such assilver, gold, nuclear technol ogy such asplati-
num and medicine such as production of antibiotics,
ultrgpurewater for dilution of medicine.

Host frameworkswiththeability to storeguestions
arevery important in awiderangeof applicationsin-
cluding electrode materialsfor Li-ion batteried®. In
thisreport, we demonstrate that theion storage ability
of the cyanide-bridged coordination polymer (Prussian
blue anad ogue, PBA) can be enhanced by suppressing
vacancy formation. K-ionsin thevacancy-suppressed
PBA framework K, . MN[Mn(CN) ] x'A,,,0-65H,0
(A:a[Mn(CN)]* defect) were electrochemically ex-
tracted. Theopen circuit voltages (OCVs) during K-
ion extraction exhibited two specific plateausat 3.0 and
3.7V vs. Li/Li*. Ex Stu X-ray diffraction and IR spec-
troscopy reveaed drastic structural and electronic
changesduring K-ion extraction. Furthermore, after K-
ion extraction, thevacancy-suppressed PBA framework
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was applied to the cathode material for aLi-ion bat-
tery. The charge/di scharge experimentsreveal ed that
the framework can accommodate alarge amount of
Li-ions.

Scientistsat the Japan Synchrotron Radiation Re-
search Institute (JASRI; Tetsuhisa Shirakawa, Presi-

Enhanced lon Storage Ability in Coordination Polymer

s
|

r.
A
e

N

¢
Mn**-CN-Mn**, cubic
dent) and University of Tsukuba(Nobuhiro Yamada,
President) have, for thefirst timeintheworld, succeeded
inobserving arevers ble symmetry switch of the host
framework of acyanide complex by the exchange of
guest alkali metal cations!®. Theuseof suchasymme-
try switch enablesthe switching of thecolor and nonlin-
ear optical properties of a specimen. In conventional
research and devel opment, ahost substanceisconsid-
ered to merely serve asacontainer for guest ionsand
mol ecules. However, we can make material sexpress
new functionsby exploiting themutud interaction be-
tween host and guest substances. By applying asym-
metry switch to memory devices, we expect to pave
the way to devel oping new types of memory device,
for exampl e, adevicethat memorizesinformation de-
pending on thetype and number of ions. Thecyanide
complex usedisafunctiona materid withasmal envi-
ronmental impact becauseit iscomposed of only mate-
rialsabundant on Earth, such asnitrogen, carbon, iron,
and cobalt. In addition, the cyanide complex islight-
weight and soft, and istherefore highly feasibleasa
next-generation memory materia.

Intheframework of acyanidecomplex, small cavi-
tieswith awidth of 510”7 mm are regularly arranged.
Guest dkai metal cationscan movein and out of these
cavities. Inthisresearch®, at |east 30 types of com-
pound were synthesi zed by combining thehost frame-
work of the cyanide complex andtheguest alkai metal
cations, and their structureswere systematically ana-

Mn2*-CN-Mn?*, monoclinic

lyzedindetail using high-brilliance X-raysat SPring-8,
thusleading tothediscovery of asymmetry switch. The
achievementsof thisresearch wereredized by Profes-
sor YutakaM oritomo of University of Tsukuba, whois
dsoavistingscientist at JASRI; Tomoyuki Matsuda, a
researcher at University of Tsukuba, and Jungeun Kim,
an associate senior scientist at JASRI. Theresultsof
thisresearch were published onlinein Journal of the
American Chemicd Society.

Memory effectsarewd | known to usersof nickel—
cadmium and nickel-metal-hydride batteries!®. If these
batteriesarerecharged repeatedly after being only par-
tially discharged, they gradually | ose usabl e capacity
owing to areduced working voltage. Lithium-ion bat-
teries, in contrast, are considered to have no memory
effect. Herewereport amemory effectin LiFePO,—
one of the materialsused for thepositiveelectrodein
Li-ion batteries—that appears already after only one
cycleof partid charge and discharge. We characterize
thismemory effect of LiFePO, and explain its connec-
tion to the particle-by-particle charge/dischargemodd.
Thiseffect isimportant for most battery uses, asthe
dight voltage changeit causes can lead to substantia
miscal cul ationsin estimating the sate of charge of bat-
teries.
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