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Aqueous colloid solutions of europium-doped gadolinium orthovanadates have been
prepared. The nanoparticles of about 20 nm diameter show a bright luminescence. The
aqueous NGdVO,.Eu solutions are transparent in the visible region and maintain the
unchanged properties for more than two months. The presence of inorganic salts causes a
reduction of the solution aggregative stability. The aggregation threshold values are in a
close correspondence with the Schultze-Hardy rule and the 6 power Deryagin-Landau law
for "negative” lyophobic sols.

Ilonyuensl BOAHBIE KOJIJIOUMJHBLIE PACTBOPHI OPTOBAHALATOB TaJOJIMHUSA AKTUBUPOBAHHBLIX
esponueM. Hanouacturms! guamerpoM okxoso 20 HM o6JyagaloT SpKOU JIOMUHecIeHIuell. Pac-
tBopel NGAVO,.Eu B Boje mpospauHel B BHAMMOM [HANasoOHe U 06IaJal0T HeM3MEHHBIMU
cBoiictBamMu OoJiee 2* mecdAles. CHUMKEHHIO arperaTUBHON YCTOMUMBOCTU PACTBOPOB CIIOCO0-
CTByeT IIPHUCYTCTBUE HeOpraHmuecKux cojeil. COOTHOIIeHNsI 3HAUEHUN MOPOTOB KOAaTryJAIun
HAXOZATCA B OJIMBKOM COOTBeTCTBHH ¢ mpaBmioMm Illlynbme-I'apam u sakoHoM 6% cremenu

Ieparuna-Jlangay Aasa ~OTPULIATENBHBIX JUOPOOHBIX 30JIeii.

Inorganic luminescent materials are used
widely in modern engineering and electron-
ics [1]. Today, luminescent nanomaterials
for novel composites and electronic devices
take a special actuality. The great hopes are
pinned on the use thereof in biology and
medicine [2, 3]. In particular, the lumines-
cent organic dyes are used for a long time
as biological probes and labels. The use of
those materials, however, is limited by their
low photostability and toxicity. The use of
inorganic materials will provide an ex-
panded monitoring possibility for biochemi-
cal processes, mainly due to high photo-
stability and unique chemical properties of
the materials.

The semiconductor nanocrystals (nano-
points) and RE-doped dielectric nanocrystals
are among the objects being considered as
the most promising materials for inorganic
probes [2, 4, 5]. Today, there are numerous
publications aimed at the study of biological
probes and labels based on nano-points,
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while an insufficient attention is given to
use of luminescent dielectric nanocrystals to
that end.

In this work, the synthesis of aqueous
solutions of doped nGdVO,.Eu is presented
as well as the study results of some physico-
chemical and colloidal properties of the so-
lutions.

The aqueous colloid solutions of ortho-
vanadates doped with various rare-earth ele-
ments are prepared using solid phase syn-
thesis [6], wet ultrasound [7], sol-gel [8]
and colloid chemistry [9-11] techniques.
However, the solutions obtained by the
above methods have not find use in biology.
It was our end to prepare the aqueous solu-
tion of controlled compositions using non-
toxic materials.

To prepare the nGdVO,:Eu colloidal solu-
tion, an original technique was used based
on thermal decomposition of a RE element
complex with EDTA and formation of
water-insoluble RE orthovanadates as
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Fig. 1. Absorption spectrum of colloid solution
nGdVO,:Eu.

nanoparticles. The aqueous solutions of gad-
olinium and europium chlorides were mixed
with EDTA disodium salt in the equivalent
ratio, then the equivalent amount of
Na;VO, solution (pH = 18) was added to the
above mixture. Then the mixture was sub-
jected to dialysis for 24 h using a 12 KDa
membrane (pore size about 2.5 nm). The di-
alysis run was monitored using the dia-
lysate electric conductivity. The absorption
spectra were measured using a SPECORD
200 spectrophotometer. To obtaine the lumi-
nescence spectra, an MDR-23 monochroma-
tor was used combined with the control and
data collection system within the CAMAC
standard. It has been found in experiment
that the particles containing the RE ele-
ments in the Gd:Eu molar ratio of 9:1. The
coagulation thresholds were determined as
is described in [12, 13]. The error of the
fast coagulation threshold values did not
exceed 15 % . The transmission electron mi-
croscopy was carried out using a PEM-125K
microscope. The samples for microscopy
were applied onto carbon film substrates by
immersion in diluted solutions and drying.

The colloid system under study is a col-
orless solution transparent in transmitting
light. The colloidal character of the solution
is confirmed by the presence of the Tyndall
cone. The colloid particles pass easily
through a 100 nm pore diameter nitrocellu-
lose filter. The solid phase concentration is
12.6 g/L. The solution pH values are 6.8 to
7.4. Under UV irradiation with a wideband
filter, a red luminescence is observed in the
solution. The solution properties remain un-
changed during storage for over 2 months
in normal conditions.

In the absorption spectrum of the colloid
solutions, a wide band peaked at 271 nm is
observed (Fig. 1) related to the energy
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Fig. 2. Excitation (A
sion (A, =394mM) spectra of colloid solution

nGdvO,.Eu.

=618 um) and emis-

transfer from oxygen ligands to the central
vanadium atom in VO,3. Note that for
ionic solutions of salts containing VO,3-,
the absorption maximum is near 268 nm.
The band shift towards longer wavelengths
shows that VO,3- is in the crystalline state.
That band was observed by various authors
[10, 11, 14] within the 272 to 282 nm
range. The maximum position scatter is ex-
plained by differences in the crystal lattice
type and the crystalline phase particle size
[14]. In our case, the absorption maximum
position of the solution corresponds most
closely to the monozite nanocrystal type
[14], however, the solid phase crystalline
state was not studied.

The excitation and luminescence spectra
of the colloid solutions (Fig. 2) contain nar-
row bands typical of europium dopant in
the orthovanadate matrix composition. The
spectra obtained are analogous to those of
similar systems and are described in detail
in [6-11, 14].

Fig. 8 presents the electron-microscopic
image of the solid phase from the aqueous
nGdVO,:Eu colloid solution. The solid phase
is seen to be a polydisperse system of
spherical particles. The average particle di-
ameter is 19 nm (5 nm standard devia-
tion). It is to note especially the well visu-
alizable layers surrounding the nanoparti-
cles and having a reduced density under
electron microscopy conditions. Those layers
are obviously an organic phase consisting of
EDTA and playing the part of the potential-
forming protective layer. The presence of
that layer influences to a considerable ex-
tent the solution stability and colloid-chemi-
cal properties. That is, EDTA provides si-
multaneously two functions at the synthesis
of nanoparticles. At the synthesis stage, it
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Fig. 3. TEM image data of solid phase of
colloid solution nGdVO,:Eu.

Table. Coagulation thresholds of nGdVO,:Eu
hydrosol in the presence of inorganic elec-
trolytes.

Salt Z | Y (mol-dm-3) | Y(NaCl):Y(salt)
NaCl 1 0.32 1
KCl 1 0.32 1
KJ 1 0.28 1.1
KBr 1 0.28 1.1
MgCI2 2 0.00257 125
CaCl2 2 0.00185 173
SrCl, 2 0.00163 196
BaCl, 2 0.00104 308
LaCl, 3 0.00034 940

is the lanthanide complexing agent favoring
the slow formation of the heterogeneous
system during the thermal decomposition of
the complex. On the other hand, the EDTA
molecules form chelate complexes with cat-
ions at the solid phase surfaces, thus form-
ing the protective layers that hinder the
colloid system coagulation.

The hydrosol stability against electrolyte
admixtures is an important characteristics
of the surface properties of an aqueous dis-
persion. In this work, the colloid dispersion
stability was studied by measuring the fast
coagulation threshold Y. The coagulation
was found to follow the "threshold™ charac-
ter typical of the lyophobic systems. The
coagulation thresholds are defined by the
cation nature, the anion influences only
slightly the Y value (Table).

The coagulation threshold Y of
nGdVO,:Eu hydrosol by sodium chloride so-
lution has been found to amount 0.32 mmo-
les/L. The inverse coagulation thresholds
(Y1) proportional to the coagulating action
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Fig. 4. Dependence of coagulation threshold
values on radius of double coagulant cations.
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Fig. 5. Dependence of coagulation threshold
values on hydrosol concentration (coagulant

CaCl,).

are in proportion 1:200:940 for cations K*,
K2+, K3*. Such correlations correspond
closely to the classic Schultze-Gardy rule
and the Deryagin-Landau-Fairway-Overbeck
(DLFO) theory for lyophobic "negative” sols
[18, 15-17]. The deviation from the 6th
power Deryagin-Landau law (requiring the
relation 1:11:730) seems to be associated
with the increased role of specific adsorp-
tion at multicharged ions that is not taken
into account in the DLFO theory. The larg-
est deviations from the 6'M power law are
observed for doubly charged cations. The
neutralization coagulation mechanism of
doubly charged cations is related to the spe-
cific interaction of the latter with the col-
loid particle environment. The coagulating
ability of doubly charged cations, in its
turn, depends heavily on the cation nature
and is reduced linearly at increasing cation
size (Fig. 4), thus corresponding fully to the
classic concept of lyotropic series for irre-
versible systems [15]. The Y dependence on
the hydrosol concentration is also linear,
thus typical of lyophobic sols of constant
composition (Fig. 5).
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phase surface properties in aqueous solu- 10. K.Riwotzki, M.Haase, J.Phys.Chem.B, 102,
tions are to be taken into account when 10129 (1998).
carrying out the biological experiments 11. A.Huignard, V.Buissette, G.Laurent et al.,
with that object. Chem. Mater., 14, 2264 (2002).
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Koaryaania adioMiHeCHEeHTHHX KOJIOITHMX PO3YHHIB
nGdVO4:Eu HeoprarmiyHMMH eJEeKTpPoJIiTaMu

B.K. Knoukos

OrpumaHo BOJHI KOJIOIZHI POSUMHU OPTOBAHALATIB rafloNiHil0, aKTUBOBAHUX EBPOIIEM.
Hanouactunku piamerpom 6ausbko 20 HM  MaioTh SCKpPaBy JOMiHecneHIio. Posuwnu
nGdVO,:Eu y Boxi mposopi y Bugmmomy AiamasoHi it MaloTh HesMiHHI BiacTumBOCTi Ginmbmre
2* micAniB. SBHUIKEHHIO arpeTaTUBHOI CTifKOCTiI POSUMHIB CIpUsAE NPUCYTHICTL HEOPTaHIYHUX
coneii. CuiBBigHOmIeHHA B8HaueHb MOPOTiB Koaryndnii mepebyBaroTb y OJausbKiit
BizmoBigHocTi i3 mpaBusom Ilynsne-T'apai it sakoHom 6-ro crymensa [epdarina-Jlanpay mia
"HeraTuBHUX Ji0POGHUX B0OJEii.
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