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ARSTRACT

From the polydisperse TiO» hydrosols conizined plate-like anatase nanocrysals the
narrow nanocrystal fraciions have been isolated. The anutese platelets in the tractions have been
shown 1o have similar thickoess ~2 om and diflerent fateral sizes in the cange of 4-29 nm. The
gela and xeragels ordered in nanometer scale have bevrt prepared (tom the isoluted fractions. The
stacture of gels has been shown to depend crucially on acid concentration in the dispersion
mediun, Destabidization of diluted Vigk sol by some clectralvies and the slow increase of sol
rurbidity have been studied. 11 has been found that the rate of the siow uebidity incmase rises
swongly with electrolyte concennation and has a iminimwn gt some pH-values. The wsuhs
olmained enable e improve the fractionation procedure and to develop highly ordered Tidn
nanoitiiterials,

PNTRODUCTION

E'niform {in size, shape, and phase composition) oxide nanocvrystals con be used as
building blocks for ihe prepandion of highly ordered materials of nanometer pedodiony 1.
These makerials miy be foned by drving the Bgnu dispeesions of unitorm parocrysials, 11s
abviously that such dispersions are exclusive objects o study the elikcis of diflerent parameters
un structure and properties. So it 15 very lmportand 1o develop methods of preparation of the
uniioem nanocrystals and theiv stuble dispersions.

We developed the procedore of Hrautionation ol Tikkh nanoenystals based un the
eragulation of polydisperse hydrosals by sirone acids |2, 3] The iractionation s possible due to
the reversibility of the rapid coagsularion and to the existence of 3 strong dependency of a
threshald of the rapid coagalation g on padicle size. To obrain more narmow T fractions iy
necessary to study the peculiaritics of interaction of the sols witti clectralvies in more detail.

In the paper we describe the preparation of narrow Ti0; fractions of ditferent dispersity
{from polvdisperse hydrosols, the preparativn of the ordersd concentrated dispersions from the
fractions, and also some new experimental results on destabilization of the Tiy; sols by
alaciralyles,

EXPLRIMENTAL

Initial polydisperse Tick: hydeosols synthesized from 11 werrabwoside and retrachloride
were stubilized by HCLand VNGOG and continned maioly the anatase pelymorph nanoparticles [2-
4]. A muean hydrodyaainic radius of particles Ry th the sobs was in the range of 7-10 nm.
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Ry was measwred by DS using photon-correlation spectrometer; opiicad Jensity 13 and
coagulation threshotds O, were determined by UV -visible spectiuscopy i a 30-mm aide ccll {2-
2], Tith, weight convendration in the dispersions wis determined by the gravimetric analysis,

The fractiomation was conducted Iy the stepped coagulalion using the same scid, which
stabilized the initial sol. From the precipitated fractions at first the stable 5-15% solz of ditferent
dispersity were preparved. Then, after determination of Tk content and plL. the suls were diluted
or concentrated [3]. Gels were abtained eitber by evaporatng the concentrated sols in e air or
by caagulation of the suls by HOT additives. Nerogels were prepared by dryving the sols and pels
in the air st rooin temperature till constant weight.

Al stable dilute and concentrated dispersions prepaied were stedied in sume weeks after
preparation.

The 3-Rays experiments in small and wide angles of scarering are deseribed in detail in
I3} Dittraciion patlems of the fractions i wide angles were obtained for dricd sols. A meun size
of primary anatase nanocrvsials Ly was caleulaled ftom o peak haltwidth by the Scherer
cauation.

The SAXS measuremients of the sols were curied i cepillades, white e gels were
investigated in a tlat covetie, Scaltening coondinule was measured i terms of the scauntering
veetor modulus 5~ 4@ sindih in the range o v from .07 (o 326 nm -1 The preliminary
treaiment of the il scattering curves {smosthing. ponnalizaion)y s wefl as the salculatien of
the correlation function of the scatienng particles and of the pair distribution [unction withio «
single particle was made with SYRENA software complex [5]. Particle radius of gyrmtion Ry was
colenlated [rom the innermost part of the SAXS curve {(Guinier approximation {61 and from
Fuurier ransormation of the SAXKS curve |51, then the values obtained were averaged.

RESUL TS AND DESCLSSION

FRACTHONATION

Five anatase Vit fractions of differem dispersity wore obtained by the stepped
coggulation of the initial hydrosal by HNOy The cospulation thresholds O, of these fractions
runged inoan interval 0.7-1.9 M NGO, the Ry values - from 4 10 12 nm, and the Ly valoes -
fToms 3 1o 6 oy (see Tahle),

Table. The characterisiics of five nanocrvsialline 1i0s frachions stabilized by HNOy Swmpies 1-
5 were studied in 1 month after preparativn, sample Sain 2 years.

Fraciion i, I a i3 « (L4 L L
| !

M HNO, j nm nim nm ' am '_

i 1619 1 IS 43 1.7 4.3 4 24

z 13-16 | 16 4.8 1.7 4.9 5 3

3 Li-t.3 | 210 34 1.7 62 fi 4.1

4 1E-1.0 24 7.4 24 72 7 4.3
5 0.7-0.8 ‘ 2 K3 2.4 54 1 n sa |

i
L 0708 | 29 9.9 Ly @i} | 14 36

2 - Nanastructured Matenals and Nanotechnology



Fractionation of Nanocrystalline Tid, by Coagulation of Hydrosols

‘Fhen the five 19 suls stabilized by HNOy with pH ) were prepared from the fractions
st siudied by SAKS. Figure 1 shows the scaticrimg curves. Their analysis allowed tw detsimine
the gy ration radivs R, und 3 shape ol nanopariicles in the fracnons (see Table).
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Figure 1. 8AXSE curves of the tive T, tiactions iselated trom the polydisperse sol
Corves 5 and 5 refer to e zame sol measured in {1 monih and 2 vears correspondingly.

To determing a shape of nanopamicies the correlation fanctions of the scartering particles
iy and the pair dislanes distabution functions within o single scatiering particle Hrd = (Ar* 0
and piet = (Ary * 1) were calentated (3], For example the piry Rmctions are presented in Figure
20T ways estabhlizhed that the paie distiitbutton functions were fitted well wiii the appropriaie
funetions for the particles with a prism-like shape rather than for the globuler-like or rod-like
particles. Under the asswnpton of prism-like particles scattening, the characlenstic sizes of @
prismoa, boand ¢ were caleulated,

i 1 m il

T, N

Figure 2. pf Ry functions calculared trom the curves preseared in Figuee |,
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The Table shiows that in all Facriens stadied the anatase nanoparticlos dare plate-fike and
the platelets liave minivum constand size ¢ ¢lose w 2 mm The other fwo sizes of the plateless. a
and b. in dilferent fractions ramge from 4 10 29 nm. {075 also scen thut the higher coagulation
threshokd O, the lower particlus shzes a, b, . B oand Ly,

ORODERED FIO- BISPERSIONS

Gels and solid xerogels stabilized by VIO were prepared from narvow Ti: fractons and
studied by SAXS, The analysis of the resulis revealed thal some samples have rather ordered
sippcture al nanemeier scale. The seatsering curves of these ssmples uve a broad maxioaun
which postion corresponds 10 a long period in the range of 6-30 om Howas established thar the
character of ordering of the solz and gels depends cruciolly on I concemration € 1o tiw
dispersion medium.

n Figure 3 the scatering curves of three gels conlained uniiorm plate-tike anutese Tidd,
nanoerystals are preseated {ourves 1231 These gels have TICT concentration © equal w 00, (0,
aind 16 M. corrcspondingly. and relatively close concentvation of Tifk (57-67 w.Mo) and Ry
valugs (6-F nmy, We can see that the scartering curves of these dispersions differ gualitatively.

e

Intansity

a1
5, Nt

Froure 20 SAXS curves ot the gels with 11C] concentration C 0.2 (1), 8.8 (2) and 1.0 M {3}
anid xeroget (41, prepared rom nurrow anatave TIO; fractions.

Curve 4 In Frgare 3 comresponds e o xeroge]l obtained by slow dryving vne ot ibe yels in
e air, This glass-like aolid sample containg 85w Ty Phe distinet maximumn on the
scgttertog curve reveals that this material s aise reintively ordering.

The develupment of such approach will open the nppartunity o prepare more ordered
Ty dispersions and nanomaterials of different strocwure.
IHSTARBILIZATION OF YHE SOFES BY ELECTROUYTES

Kinetics of destabilization by TH and KOV of the dilute sols prepared irom the ngaron
fractions was studied as well, It was established that just after the electrolvte has been Intreduced
1o the sol the slow monctonie lcrease of wrbidity ocours following by partial sedimeniation.
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At the tusi stage of tus slow process, which can lust for many months, the sals with a wtal
concemration of clecrrolvte C<Co remain uniform, Tn comrast o the rapid coagulation 1aking
place st €0, and being entirely reversible. the slinw process occurs both ar low and high
clectrodvie concendrations and seems o be pariially reversible.

Fraure 4 shows the time dependencies of wrebidiey for five (4% sols stabilized by T
after wiredhieing addilives of HCL (ewrve H or KOCL (eurves 2-31 Al sole were prepared {rom the
same narrow fraction chureelenzed by By=06 nny Sels with KO additives have different pH
values equal 0 2.2 {eurve 2) and 0.9 1eurves 3-5% sol with FTC] addivive has pH-£. It wag faund
that during the cxperiment the pH values of the sumples did not change.
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Vigure 4. Kinetics of opical dersity of the 04 % sols with JJillerent electrolyvie
concentration aud pH. - L4 M HCL pH-0: 2 - 08 M KL pH 2.2 % - 0.8 M RO, pH
0.9 4- LIMECLpH 0.9 5 - 14 M KCL plioo.

From curves 3-3 10 Figwe 4 one can see that a rate of the tarbidity incecase nises stionply
with clectrolyie concenrranon at plHi=const. Comypanson of the curves 1-3 shows that the rate
depends essentially also on pH: it s minimal in the sols with pil-1 and ucreases in vrders of
mageniude at pH ~ and -2,

The mechanism of these slow structural changes in the 190- dispersions in presence of
sleclrolytes is ol clear yol, To wnderstand it she additional ewperiments are necessary. lhe
forther myvestigation in this dirccdon s very cnicial o inproving the fractionation procedose aud
in manipelauon in pasopaticle stze and shape.

CONCLLSIONS

1. Fromt the pobydisperse hivdrsol condained plae-like anatase Tt nanopaiticles of 2 am
thick some fraciions of placlots differem inweir lotecal sizes have been isolated.

2. The pels snd yerogels ordered in nanomertar zeale have been prepared from the narow
Ti00: Fractions, The structure of the gels has beea shown t depend erocially on the acid conten
in the dispersion medium.
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1. Study of the destabilization ol the [i(s sols by 1 and KCl has revealed this the rate of
the slow increase of turbidity rises srongly with clecirolyte concentration und bias a mintrmum at
pH equal o -1,
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