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ABSTRACT

I/AFI nanocomposites have been prepared by infiltration of the one-di-
mensional nanochannels of AFI zeolite-like microporous aluminophosphate
(AIPO,-5) host matrix with iodine guest substance. Direct current flowing
through I/AFI microcrystals has been measured aong (1,) and across (1.)
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the ¢ -axis of the single crystal in the temperature range of 20-120°C. In
contrast with the monotone temperature dependence .(T), thel, (T) curve
demonstrates the distinct peculiarity at ~70°C which is due to the phase
transition of iodine species from the chain structures to molecular iodine.
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INTRODUCTION

Zeolited?? and zeolite-like regular microporous
crystalline solids can be successfully used ashost ma
tricesto design widevariety of unique nanocomposite

Figure 1 : Sructural model of zeolite-like microporous
aluminophosphatetypeAFI (AIPO,-5). Largespheresrepre-
sent oxygen atoms

materiasby infiltrating their voids and channelswith
guest substances®4, e.g. iodine species, which were
primarily studied by spectroscopic methods™>*¢. AFI
aluminophosphates (AIPO,-5 or SAPO-5) are very
convenient for infiltration of their microporous structure
with guest substances becausethe concentration of u-
minum atomsinther laticeisequd tothat of phospho-
rusatoms, and therefore their one-dimensional chan-
nels are free from exchangeabl e cations”¥, These
paralel channelswiththeinner diameter 0.73nmare
oriented dongthe ¢ - axisof thecrystal (Figurel).

EXPERIMENTAL

Inthiswork, AFI crystal s have been prepared by
the hydrothermal synthesig*?% inastainless-sted au-
toclaveat 190+-210°C during 10-24 hours, starting with
the gel of themolar composition 1AI(OH),-1H,PO,-
0.75(C,H,),N-500H,0. To remove the organic tem-
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Figure2: Theimagesof I/AFI singlecrystalsin transmitted
light under polarized optical microscopewith two perpen-
dicular directionsof incident polarization.

plate and water molecules, AFI crystalshave been an-
nealedinair at 580°C for 11 h and under vacuum at
465°C for 2-12 h. To incorporateiodine speciesinto
AFI channels, vapour phase adsorption at 500°Cfor 6
h has been used. The variation of the iodine vapour
pressureduring this preparation processresultsinthe
variation of the iodine concentration in the I/AFI
nanocomposite, aswell as of the sample colour. The
latter varied from light brown (for low-loaded crystals)
to dark brown (for heavy-loaded samples). Theim-
agesof I/AFI singlecrystalsunder polarized optical
microscope (Figure 2) clearly demonstratelarge ani sot-
ropy of their optica absorption. Thispronounced opti-
cal anisotropy should be considered asan important
argument for theformation of iodinechainsinsdeAF
channels.

Inorder to study el ectrical propertiesof individual
microscopic zeolite single crystals and zeolite-based
nanocomposite samples (~(20+-100)uminsize), dif-
ferent typesof measuring sellshave been proposed by
Markov et a.!. In our work, we havefixed themicro-
scopicI/AFI singlecrystal along or acrossits ¢ - axis
on quartz substrate between two pushindium contacts

RESULTSAND DISCUSSION

The current-voltage characteristics I(U) of the
samples under study are linear only at low voltages
(U<10V).At highvoltagesthepower law | = CU™ takes
place, wherem=~1.5. Thisbehaviour issimilar tothat of
the pure zeolite-like mi croporous al uminophosphates
AFI1820  However, the electronic current in I/AFI
nanocompositesisabout 107 timeshigher thantheionic
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Figure3: Arrheniustemperature dependencesof thedirect
current flowingthrough I/AFI compositealong (1, l&ft panel)
and across(l 1, right panel) the ¢ - axisof thesinglecrystal.
Inclined arrowsindicate heating and cooling of the sample
(heating or coolingratewasabout 1.5K/min). Vertical arrow
correspondstothetemperatureof phasetransition (t ~70°C)

currentininitial AFI hosts (without guest substances)
under thesame applied voltage.

Temperature dependences of the direct current
flowing through I/AFI compositeaong,

3

(10 NELD I
l,=T 5 |andacrossl =1| | the ¢ - axisof the

singlecrystd areplottedinfigure 3.

The corresponding val uesof the activation energy
caculated fromtheseArrheniusplotsarea so shownin
thefigure. When thetemperature of thel/AFI compos-
iteincreasesfrom ~310K to ~340K, theval ue of acti-
vation energy seemsto bein agood consistency with

E . .
thevalue ?g ,Where Egz1.25eV isthe semiconductor

band gap for the bulk iodine. Themost striking feature
of theArrheniusplotsisthe pronounced peculiarity at
t ~70°C which could be observed when thetempera-
tureincreasesslowly and the current flowsthrough I/
AFI composite aong theiodine chains. We suppose
that thispeculiarity isdueto theiodinefirst-order phase
trangition from thechain structuresto themolecular spe-
cies, whichwasfound recently at 71.3°C by means of
optical characterization and phase dynamicsof theio-
dinespeciesiniodine@AFI compositesystem®19. The
possi ble mechanism of the charge transport in I/AFI
compositeat t>t, isthetunnelling of e ectrons between
iodine molecular species. One could expect, that the

melting of iodinechain (digned withthe ¢ - axisof the
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AFI singlecrysta) to molecular iodine vapour hasno
noticesbleeffect onthedirect current which flowsacross
the ¢ - axis(probably, also dueto thetunnelling pro-
cess). Actually, our experimental resultsconfirmthis
expectation (Figure3, right panel). Moreover, thisphase
trangition does not occur during cooling of the“hot” I/
AF composite, infilled with disordered i odine mol ecu-
lar vapour phase, resulting inthe enhanced va ue of the
activation energy (Figure 3). After few daystheordered
iodinemolecular wiresin I/AF composite become par-
tially reconstructed, and the phasetransition at ~70°C
during heating could be observed again.

CONCLUSIONS

In summary, we have prepared iodine speciesin
theregular system of pardlée nanochannelsof AFI zeo-
lite-likeauminophosphate (AIPO,-5) microporoushost
matrix. Direct-current el ectrical measurementsprove
the occurrenceof the phasetransition of iodine species
fromthechain structuresto molecular iodinenear ~70°C.
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