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Abstract—Element (Si, Ti, Al, Sn, FeJoxygen nanostructures on supports of various nature,(Si{®OH)

have been synthesized by molecular layering from the gas phase. The electrosurface characteristics (adsorption
of potential-determining ions, electrokinetic potential, zero-charge point, isoelectric point) in solution$ of 1
electrolytes have been determined for the objects synthesized. Conditions of molecular layering for preparing
Al- and Sroxygen nanostructures with surface properties close to characteristics of the corresponding bulk
oxides have been established.

In the colloid chemical literature, great attention is The method of molecular layering from the gas
currently paid to the problem of formation and struc-phase, developed by Aleskovskii and Koltsov [22, 23],
ture of the electrical double layer on oxide surfaces ifis one of the most promising methods of synthesis of
electrolyte solutions. The interest in this problem isthin oxide layers on solid supports, since it allows
caused both by the wide occurrence of oxides in natungreparation of solid substances of preset chemical
and their practical use and also by the increasing ussomposition and structure.
of ultrathin (0.55 nm) oxide layers. Such two-

. . . . In this work, the synthesis of elemeniygen nano-
dimensional layers on various solid supports ar .
widely applied, in particular, in production of high- ?ayers on the surface of (hydrjoxide supports was

activity catalysts, ion-selective field transistors, a?oer:foéms?ﬁlcén S?Jccc:)rg[aggee\;vg& rleé?cgjcj)gs gl)] and (2)
number of microelectronic devices, etc-f1. It is of PP P ’ '

note that compositiorstructureproperties relation- : .
ships for bulk (I?\ydr)oxides antl?thicpk” solid layers P(=SHOH) + ECly —> (=5H0-)5ECly p + pHCIT, (1)
(more that 100 nm) is a well-explored topic, whereas E = Si, Al, Ti, Sn, Fe.

ultrathin layers have scarcely been studied. The most

thoroughly studied properties of such layers are their Upon treatment of the resulting product with water
chemical composition and structural characteristics agapor, chlorine is replaced by hydroxy groups:
functions of preparation method and conditions of

further treatment [618]. However, there are only few (=SFO-),EClp , + (M - p) HO

studies [3, 1921] of electrosurface properties of i 1
supported oxide nanolayers, although such properties (ESHO)EOH p + (M —p) HCTL (2)
determine technological parameters of the layers in ¢ presence of hydroxy groups in the reaction
many cases. For this reason, it was of interest {0 Sysrqquct makes possibie the synthesis to be continued
thesize some element oxide nanostructures and il the elementoxygen nanolayer attains the
investigate their electrosurface characteristics. Invegaquired thickness, by alternating reactions (1) and (2).

tigation of the electrokinetic and adsorption properties . .
of supported oxide nanolayers as a function of the 1h€ choice of the temperature of the synthesis is

degree of substitution of surface groups of the suppoﬂet ; ¢ onal In th £ silanol
and of the nanostructure thickness, and comparison 8f Surface functional groups. In the case of silano

these properties with the characteristics of the corsUrfacé groups, the synthesis of oxide nanolayers

responding bulk oxide would allow one to trace theshould be carried out at a temperature not higher than

transition from the characteristics of the support tg:00-200C, since the hydroxyl cover of silica un-
the parameters of the deposited nanolayer and to ﬁnq]ergoes decomposition starting from that temperature.

the minimum possible nanostructure thickness at It is also of note that the synthesis via reactions (1)
which the support is completely shielded. and (2) should be used with those low-molecular re-
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ELECTROSURFACE CHARACTERISTICS OF ELEMENDXYGEN 623

agents which are capable of completely replacing

hydroxyl protons of the support, such as chlorides of 1 3 4 7 11 8
many elements, organoelement compounds, etc. If the
substitution of OH by oxychloride groups (for ex-
ample, reactions with Sngl GeCl,, WClg, etc.)
occurs incompletely or is necessary to perform at oS
temperatures above 28D (for example, reactions
with low-volatile chlorides, such as Feglwhen the
number of OH groups is decreased by surface dehydrg
tion processes, it is advisable to use other initial func
tional groups, more heat-resistant, such as QCH
[10, 11].

With methoxy groups, the following surface reac-
tions proceed in the course of the synthesis (with
a silica support as example):

Fig. 1. Scheme of the setup for the synthesis of
elementoxygen nanostructures on solid supports by
. . molecular layering from the gas phasel) (flow-
+

[SiO,]y_10,SIOH CCl, meter, @, 3 dessicant for carrier gas4)( gooseneck
— [SiO,],_,0,SiCl + cocCht + HCIT, (3) with  reagent, %) potentiometer, & thermo-

. . couple, {) reactor, 8) gooseneck with water, 9f
+

[SiO,]i_10,SiCl CH;OH voltage controller, 10) support, 1) cup with solid

— [SiO,],_,0,SiOCH, + HCIT, (4) chloride.

m[SiO,]_,0,SiOCH; + EC} The chemical composition of the synthesized nano-
—> [SiOglmk-1)(O2SFO)EC 1 + mCH,CIT,  (5) Izayl/\lers I;E/va_s pe_u(r;;orr_nr(letﬁll by treatrg_entlof ian:jples witdh
. . , sulfuric acid with heating to dissolve the deposite
[SiO2lmk-1)(O2SHO)RECH 1y + (1 - MH0 elementoxygen layer. The contents of aluminium,
—>[Sioz]m(k_l)(OZSi—O—)mE(OHz_m+(j—m)HCIT. (6) tin, and iron in the solutionwere determined by
photoelectrocolorimetry.
In this case, reactions (3) and (4) are used to form
methoxy functional groups on the support surface, and Since the isoelectric point (IEP) of the (hydr)oxide
the number of deposited elemeakygen monolayers surface in solutions of potential-determining ions is,
is determined by the number of alternant reactions (Spgether with the zero-point charge (ZPC), is one of
and (6). the most important characteristics of the surface, then,
by comparing the pidp values for bulk (hydr)oxides
The samples were obtained using a setup (Fig. 9nd thin elemenbxygen layers, one can follow
that allowed molecular layering reactions to be perchanges in the electrochemical properties of the
formed in a flow of air dried with phosphorus oxide support in the course of deposition. The change in the
to a residual moisture of 2 mgfnThe dried air was electrosurface characteristics of the modified surface
saturated with vapor of silicon and titanium chlorideswill be more pronounced in the case when the isoelec-
at 20°C, of stannum chloride at 20 and X@ of tric points of the support and the deposited oxide in
aluminium chloride at 201, and of iron chloride at the bulk are appreciably different. For this reason, for
200 and 256C, and fed to the reactor with a quartzpreparing T+, Fe-, and Aloxygen nanolayers we
plate or with a portion of powdered bulk (hydr)oxide chose various silica supports with g = 2-3, while
(0.5 to 1 g). The synthesis of nanostructures in théor Sn-oxygen nanolayers, aluminium hydroxide
reactor was performed at 200 and 260 After the (AIOOH, boehmite), taking into account that for the
hydrogen chloride formed by reaction (1) was redatter pHgp = pH,pc = 8.6£0.1, whereas for tin(1V)
placed with dry air, the reaction product was treatedxide pHgp = pHypc = 4.0£0.1 [25-29]. A quartz
with water vapor at 200 until HCl no longer plane-parallel capillary, monodisperse spherical $iO
evolved and then dried in a flow of dry air at 2O  particles 0.5um in diameter, purchased from GelTech
Heating was perfomed with a NCr wire, and the (hereinafter, these supports are labeled GT), Silo-
temperature was measured with a thermocouple. Thehrom C-120, and Aerosil OX-50, and A-175 were
thickness of the oxide nanolayer on the supportised as silica supports. Before use Aerosil A-175
surface was determined by the numbesf molecular particles were treated with water vapor at 200and
layering cycles. then dried at the same temperature (such surface is
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624 ERMAKOVA et al.

below considered as initial). The synthesis of nanofirst oxide layer deposited are cardinally different

structures was carried out both on the initial and orfrom those of bulk macrophase, and the increase of
preliminary calcined (at 406®00°C) Aerosil A-175 the number of layers to four leads to leveling of this

surface. Preliminary thermal treatment led to partiatifference. For this reason, to find out whether our
dehydration of the surface, i.e. to the transformatiosynthetic conditions allow preparation of an oxide

of silanol groups into siloxane ones which do not takenanostructure with characteristics close to those of
part in surface reactions. The degree of residual subulk oxide, we performed six cycles of molecular

face hydration is given by the rati® = N5, /Ny, layering.

whereNgy, andNg,, are the surface concentrations of
silanol groups on the initial and calcined surface

respectively. In the temperature range used, e oxygen nanostructure are shown in Fig. 2 (curies

values varied from 0.1 to 1. AP < 1, a mosaic sur- :
! and 3). Analysis of theZ—pH dependence shows that
];au?:r Sr;‘;gt#r:z appeared after the first cycle of mOle'fhe isoelectric point in HCI solutions (g = 3.0)
' and the electrokinetic potentials of the initial support
For the oxide structures synthesized, we measureahd the 6SiQSiO, surface practically coincide.
(1) adsorption of potential-determining iofis(i = H,  Adding a background electrolyte (TOM NaCl), like
OH), by continuous potentiometric titration; (2) elec- with the initial capillary, decreasds | values but has
trophoretic mobility U.; of dispersed particles, by almost no effect on the isoelectric point [25].
ultramicroelectrophoresis; and (3) streaming potential
Es for plane-parallel capillaries [25, 26]. The surface
electrokinetic potential of nanostructures was cal-
culated by the following equations:

The measured electrokinetic potentials of the initial
tapillary and the capillary covered with an element

Thus, the results obtained show that the deposition
of a nanostructure of the same chemical composition
as the support produce no changes in the principal
electrokinetic surface characteristics: isoelectric point

s-M and ¢ potential.
C.> - €gQ Uef: (7) . .
£ = maEdeeqP, (8) System nTiO ,/SiO,
wheren is the viscosity of the liquidg ande, are the Titanium-oxygen nanostructures were synthesized

dielectric permittivities of the medium and vacuum,on four SiG, supports: Aerosil A-175 and OX-50
respectively,& is the conductivity of the solution in (pHgp = 3£0.1), GT (pHgp= 2.9 on the background
the planeparallel capillary, ancP is pressure. Th€ 10“ M KNO,), and a quartz plan@arallel capillary
values calculated by Smoluchowski's equation (7) arépH,zp = 2+0.1). Electrophoretic mobility measure-
supplied with the index S. The index W relates to thements for Aerosil A-175 particles covered with tita-
¢ values found with allowance for polarization of elec-nium-oxygen nanostructures showed the following.
trical double layer in terms of the Overbe#ooth-  After the first cycle of molecular layering on the
Wiersema theory [30]. preliminarily dehydrated surface & = 0.1, the iso-

The electrosurface characteristics were measureec!ecmc point of the modified Sipsurface shifts ap-

within the pH range 39 on the background of preciably, by 0.4 pH units, to the alkaline region, and

10~ M KCI and NaCl solutions at €. Thus per- a positive region of th& potential appears. A® is

formed studies allowed us to compare the coIIoid-'ncreased to 0.5, the isoelectric point changes to

chemical properties of the synthesized elemexy- PHep = 4.0. The initial Aerosil A-175surface not

gen nanostructures with the corresponding characteri%y.bje.dﬁd tﬁ prellrﬂlng}ry trllermal treatment (Wlh'Ch’. n
tics of the bulk silicon, aluminium, titanium, tin, and rincipal, allows all silanol groups to be involved in

: : : e olecular layering reactions) after the first cycle of
iron (hydr)oxides synthesized under conditions clos . ’ _
to the conditions of the synthesis of nanostructuresl.e synthesis of the Foxygen layer had pfgp = 4.4.

. . : his value almost did not change after several suc-
Let us proceed to consideration of particular SyStems. ..ccive cycles of molecular layering (from= 1 to

n = 4).
The number of cycles of the synthesis of titanium

The investigation of the electrosurface characterisoxygen nanolayers on the surface of GT particles was
tics of elementoxygen nanostructures we started withl, 2, 6, and 11. The calculated electrokinetic poten-
studying the electrokinetic properties of a modetials £V of the initial and modified particles on the
system, a quartz planparallel capillary (height background of 1 M KNO, are represented in Fig. 3.
50 um) covered with siliconoxygen nanolayers. It These results were compared with data for the bulk
was found earlier [1618] that the properties of the sample of titanium oxide. The isoelectric point for

System nSiO,/SiO,
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Fig. 2. Dependence of electrokinetic potential on pH for
plane-parallel capillaries in HCI solutions.1) Initial
capillary () and 6SiGQ/SiO, (II) and @) 6TiO,/SiO,
() and 16TiG/SIO, (IV); on the background of
103 M NaCl: (3) initial capillary, @) 16TiO,/SiO,, and
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Fig. 3. Dependence of electrokinetic potential on pH
on the background of 18 M KNOs. (1) Mono-
disperse spherical SiOparticles; @) TiO,/SiO, (1)
and 6TiG/SiO, (Il); (3) 11TiO,/SiO,; and @) TiO,on the

(5) initial surface Si@ + 16TiO,/SiO,. background of 1% M NaCl.

particles covered with nanostructures is between thosmn of silanol groups by TFoxygen ones, it is suf-
for the initial SiO, support and titanium oxide. It was ficient to deposit four layers to create on silica surface
also found that the isoelectric point is independent o titanium oxide layer with an octahedrite crystallo-
n(atn = 1-11, pHep ~ 4.5) and close to the isoelectric graphic structure. Therefore, six or more cycles of
point for the Ti-oxygen layers on the Aerosil A-175 molecular layering would inevitably form the octa-
support atn = 1-4. Similar results were obtained for hedrite structure on silica surface. The fact that the
Aerosil OX-50 particles an =1 and 2. In this case, isoelectric point of the SiQ surface covered with
PHgp = 4.2 for modified particles. titanium-oxygen nanolayers differs from that of octa-
hedrite (pHep = 5.9) gives evidence for incomplete

oxygen nanostructures synthesized on the surface Ofs%bstlt?tlonf torf sﬂaga! Oglgrou?s, "‘\EN forl a mtostilct
glass planeparallel capillary atn = 6 and 16 gave Ccharactér ol theé modilied surface. vve aiso note that,

PHp = 4.2-4.3 both for HC solutions (Fig. 2, curve N the C?SeHEOf woxygen nanostructures, the con-
_ stancy of pHkp at increasing number of molecular
(ZI):ig.ng,f?:ru:\r/ng; ??]sztﬁzcgglé:?g? ﬁfaggga'\:;% layering cycles suggests that the degree of substitution

capillaries covered with titaniuroxygen nanolayers, ©f surface groups is determined in the first cycle
too, differ from the isoelectric point of bulk titanium ©f the reaction.

oxide. It is also seen that the electrokinetic potentials
of titanium-oxygen nanostructures of different thick-
ness are close to each other.

Electrokinetic potential measurements for the- Ti

To verify the assumption that the mosaic structure
of the modified surface affects the electrokinetic
characteristics of the support, we measured the elec-

It was thus shown that the deposition of titanium-trokinetic  potential of a plangarallel capillary
oxygen nanostructures changes the electrokinetf@rmed by two different surfaces: the initial SiO
parameters of the initial silica surface, and all thesurface and the SiOsurface covered with the tita-
supports modified by titaniuapxygen nanostructures nium-oxygen nanostructuren(= 16; Fig. 2,curve5).
have different electrokinetic parameters than bulkndeed, the isoelectric point (pkb = 3.9) is between
titanium oxide. On the other side, it is known fromthe isoelectric points of the quartz glass and the tita-
the literature [1618, 23] that, on complete substitu- nium-oxygen nanostructure.
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626 ERMAKOVA et al.

Potentiometric titration is another independent

o x 1019 molien? method for comparison of the electrosurface charac-
3 teristics of bulk oxides and ultrathin oxide layers. On
5F the assumption that ggb and pHpc for titanium-
oxygen nanostructures in solutions of indifferent elec-
trolytes are equal to each other (as was observed for
ar bulk titanium oxide), one can compare the adsorption
behavior of the nanostructures and bulk silica and
3tk titanium oxide by analyzing the dependencelbfon
2 ApH (ApH = pH — pHzpJ).
The measured adsorptions of potential-determining
2r ions [, on the background of 1 M NaCl for mono-
disperse spherical SiOparticles covered with the
1k 1 titanium-oxygen nanostructuren(= 11) are given in
Fig. 4. The same figure represents tfiepH depen-
/ dences for the initial substrate and for bulk titanium
05— (') 5 3 7 '5 oxide [26]. It is of note that, potentiometric titration
/ ApH reve_aled no positive range of surface charge for,SiO
1L particles modified with titaniusoxygen nanostruc-

tures, by contrast with electrokinetic measurements
Iy x 101, mol/cn? when a positive region of electrokinetic potential was
observed. However, one should take into account that
potentiometric titration is insufficiently sensitive in
o the acidic range (pH < 4) at low positive surface
deter?n'ﬁ v lor?pH "prP;N%HZCP ol therag:" charges. Just gtjhis(l?orevent)ed detern?ination of,oH
glroun. © ) T.Sou'onds © ]ollT. 3}?" €. 3 Nacl. from the I'-pH dependence. The higher values of
(1) Si0z (2) TiOy and §) 11TIOSIO,. I'oy for modified particles as compared with bulk
titanium oxide are probably related to the porosity
(ion permittivity) of deposited titaniuroxygen layers.
This assumption is confirmed by the results of con-
ductivity measurements for the plasparallel capil-
lary covered with titanium-oxygen layers: The surface
conductivity of the modified surface was higher than
that of the initial one.

Fig. 4. Dependence of the adsorption of potential-

It is of note that the electrosurface parameters of
titanium-oxygen nanostructures on silicon oxide
supports, we measured in the present work, correlate
with those obtained in [20] for SiOparticles covered
by titanium oxide by deposition from solutions fol-
lowed by calcination (pigp ~ pHzpc = 3.9£0.1 on
the background of a KNQsolution). The modified
particles were also noted to possess high surface
charges related, first of all, to the porosity of the de-
posited oxide layer.

System nAl,04/SiO,

Aluminum-oxygen nanostructures were synthesized
Fig. 5. Dependence of electrophoretic mobility on  on Aerosil A-175, OX-50, and GT particles. The

pH for Aerosil A-175 particles covered with Al results of electrophoretic measurements (Fig. 5) show
oxygen nanostructures on the background of21M that, similarly to TiO nanolayers on the A-175
NaCl: 1) n =1, ® =01, @ n =1, ® = 1; surface, the first cycle of molecular layering at
® n=2 =1 @ n=4 6 =1, and ©® = 0.1 leads to a significant shift of gk from its

(5) AIOOH. initial value to pHgp = 4.7. After the first cycle of
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Fig. 6. Dependence of electrokinetic potenti@’v Fig. 7. Dependence of the adsorption of potential-
on pH on the background of ® M NaCl determining ions on pH on the background of-dm
(1) Sio, (GT), (2 AIOOH, (3) AI,04SiO,, NaCl. (1) SiO, (Aerosil OX-50), @) AIOOH,
(4) 2A1,04/SIO,, (5) 4Al,04/SIO,, and 6) 5AI,04/SI0,. and @) 5AI,04/SiO,.

molecular layering on the A-175 surface not subjecte@luminum oxide layers we also measured the adsorp-
to preliminary thermal treatment, pi increases up tion of potential-determining ions as a function of pH
to 6.2. Further increase of the number of moleculapn the background of 1M NaCl (Fig. 7). As seen
layering cycles to four causes gradual shift of therom Fig. 7, the pHpc values for modified SiQ
isoelectric point to the alkaline region to pig= 8.4,  particles and for AIOOH particles coincide and equal
which is close to the isoelectric point of bulk alumi- 8 6+0.1. It is also noteworthy that the absorptions of
nium hydroxide (pkts= 8.5). potential-determining ions for the 54D4/SiO, nano-
The number of molecular layering cycles in theStructure coincide with th&; values obtained for bulk

synthesis of aluminiusoxygen nanolayers on AIOOH.
Aerosil OX-50 and GT particles was-3. It was

found that, as the number of molecular layering cycle ic-)rzhg a;'efetgoiurnff‘hcfsi‘z:gsr%‘:tiﬂzt"ﬁﬁogcm' Zlgglerin
increases, in both cases the isoelectric point shifts t%l b Y y yering

: : N . ethod gives evidence to show that, irrespective of
t_he alkal_lne_ region up to pkb ~ 8.5, which prac- the kind of the silica support, the use of hydroxyl
tically comcm\lﬁs with the pidp value for bulk (hyar)- functional groups and the Alglapor temperature of
oxyde [the {™-pH dependences for the initial and

. . o . ; 200°C (note that the sublimation temperature of AJCI
modified GT particles are exemplified in Fig. 6]. is 192.(5’C) yields, atn = 5, aluminurprpoxygen nar'?g)-

The chemical analysed of Abxygen samples are structures with electrochemical properties practically
presented in the table. As seen, the amount dfoinciding with those of bulk aluminium hydroxide.
aluminium oxide deposited on the SiQurface in-
creases proportionally to the number of reaction System nSnO,/AIOOH
cycles and thus correlates with the gradual shift of the
isoelectric point of modified samples from the gH The investigation of the electrosurface characteris-
of the SiG surface to the pldp of the aluminium tics of Sr-oxygen nanolayers on the boehmite surface
hydroxide surface. we started with studying the electrokinetic properties

of aluminium hydroxide covered with Soxygen

For the Aerosil OX-50 surface covered with five nanolayers by reactions (1) and (2). The concentration
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Chemical analyses of element(Al, Sn, F@ygen nanolayers

Al Sn Fe
functi- functi- functi-
(e S| Conal | N Tols |t | S ona | ST I ek | S Conar | [P
C po group |M Y C po group |M C p group |M
1| 200 | Aerosil | OH 0.94 |1| 20 |AIOOH| OH 0.25 |1| 200 Sio, OH 0.09
2| 200 | OX-50 | OH 183 |2 20 OH 0.35 |2| 200 |“GelTectt| OH 0.15
4| 200 OH 356 |4| 20 OH 0.75 |4| 200 OH 0.18
5| 200 OH 421 |4| 20 OCH; | 0.70 |4| 250 OCH; | 0.31
-1 - - - 4| 100 OCH;, 9.10 |4| 250 ??-120 | OCH,; 0.17

of SnC|, in the reactor was determined by the tem-we synthesized oxide layers by reactions-(8) using
perature of the gooseneck with liquid chloride {2). methoxy functional groups. However, here, too, the
The chemical analyses of Soxygen nanostructures pH,gp of the resulting SngJAIOOH sample turned to
are given in the table and show that the amount of thee about 7.2. To verify the assumption that atmo-
deposited oxide increases as the number of moleculapheric oxygen affects the stability of surface methoxy
layering cycles increases from 1 to 4. It was alsgroups, we studied the electrokinetic properties of the
found that with increasing number of molecular layer-nanolayers synthesized via methoxy groups under
ing cycles the isoelectric point shifts to the acidicnitrogen. In that case, the gid value for the 4Sng
region, attaining pkip= 7.2 atn = 4. This value much AIOOH sample was about 7.1, which practically
differs both from the isoelectric point of the supportcoincides with the pkdp values for the samples syn-
(pHgp = 8.6) and from the isoelectric point of bulk thesized under air.

SnG, (pHgp = 4.0£0.1). This can be related to in-
complete substitution of OH functional group of the
support in the course of the synthesis of-8xygen
nanolayers by reactions (1) and (2). Therefore, furth

To ascertain the effect of the chemical composition
of the support on the characteristics of the nanostruc-
e;rure, the synthesis of Soxygen layers via methoxy

unctional groups was also performed on a Silochrom
C-120 support (the temperature of SpClas
20°C). Comparison of th&™ potentials obtained for

", mv bulk tin and silicon oxides and for the modified
30F Silochrom surface (4Sng8i0,)OCH, shows that the
tW-pH dependences are similar to each other.
20 However, the|¢V| value for Sroxygen layers are
higher than for bulk oxides. We failed to determine
10 isoelectric points both for Sigand for 4Sn@'SiO,.
L To make higher the degree of substitution of sur-
0 "3 face functional groups of the support (AIOOH) in
molecular layering reactions, the partial pressure of
-10r SnCl, vapor was built up by heating the gooseneck to
100°C. For preparing oxide nanolayers both OH and
-20 OCH; groups were used. The number of molecular
layering cycles was four. The resulting pH values
30} for (4SnQ/AIOOH)°" and (4SnQ/AIOOH)°C™
were 5.3 and 4.2, respectively (Fig. 8). It is of note
_a0F that the isoelectric point for the nanostructure
(4SnG/AIOOH)®" is close to that for bulk tin oxide
Fig. 8. Dependence of the electrokinetic potent& (4.0+£0.1). Thus, increased partial pressure of SnCl
on pH on the background of 1® M NacCl. yields increased degree of substitution of functional
() AIOOH, (2) SnO, (3 (4SnG/AIOOH)CH groups, which can be related to the determining
(100°C), (4) (4SnGJAIOOH)OCHs  (100°C), and influence of reagent concentration. It should also be
(5) (4SnQ/SNnG,)CCHs (100°C). nated that the samples synthesized via different
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functional groups exhibit different electrochemical
behavior. oy x 1019 molien?

Compare the electrochemical characteristics 2.0r
of a Sn-oxygen layer deposited on a bulk oxide of the
same chemical nature (SpOwith the properties of 15r
the surface layer of the initial bulk tin oxide we syn-
thesized (4Sn@Sn0,)°“": nanostructures. The latter 1.0f
sample had pldp = 4.0 value (Fig. 8, curveb),
which is practically coincident with the pgb value 0.5F
for bulk SnO2 and for the modified surface (4SO
AIOOH)°“"s (the temperature of SnglPC was 0 bt
100°C). 3
For the modified samples (4Sp@BIOOH)°“s and 0.5
(4SnG/SNG,)°C"™ (Fig. 9) we also measured the 1ok
adsorption of potential-determining ions at various '
pH on the background of 1M NaCl. As seen, the 15k
pH,pc values for both the samples, as well as for bulk '
Sn0O2, practically coincide and equal 4£@.1. We 20k
also note that the surface charges for-&tygen '

layers deposited on various (hydr)oxide substrates, T, x 10 mol/cn?

are higher than the surface charge of bulk tin oxide.

Analysis of the electrosurface characteristics of-Sn

Oxygen nanostructures depos|ted on t|n 0X|de ShOWS Flg 9. Dependence of the adsorption of potential-deter-
that treatment of the SnOsurface with organic re-  mining ions on pH on the background of OM NaCl.
agents causes no surface contamination, which implies () AlOOH, ()~ SnG,,  (3)  (4SnG/
complete removal of by-products from the reaction AIOOH)°fs  (100°C), (@)  (4SnQySn0,) s
zone. (10C°C).

Thus, the above linking research of the electro- Iron-oxygen nanolayers on the Sj@urface were
surface characteristics of bulk samples and sampledso synthesized via methoxy functional groups ac-
synthesized by the molecular layering method gaveording to reactions (3]6). As with nSnG,/AIO -
evidence showing that, irrespective of the nature ObHOCHS, using organic reagents with the purpose to
the support, using methoxy groups (at the Sn-  increase the degree of substitution of functional
perature of 108C) makes possible preparation ofgroups without raising the temperature failed to yield
Sn-oxygen nanostructures with electrochemical prog positive range of electrokinetic potentials for the

perties close to those of bulk oxide. resulting samples as compared with Si(Fig. 10,
_ curve 2). Figure 10 also displays th&"™—pH
System FgO4/SiO, dependence for (45€,/Si0,)°“"™ obtained at 250C

) Fig. 10, curve 3). Changing reaction conditions

_Iron-oxygen layers were synthesized on GT andesulted in appearance of a positive range of electro-
Silochrom C-120 silica supports. The number ofkinetic potentials (pktp= 3.9), but the characteristics
molecular layering cycles was-4. Furst we studied of the surface covered with Fexygen layers are
the electrokinetic properties of SjCcovered with  considerably different from those of bulk-FeOOH
Fe-oxygen nanostructures according to reactions (%HIEP = 7.2 [29]).
and (2) at 200C. The chemical analyses of Fe
oxygen nanostructures are given in the table. The Measements of the adsorption of potential-determin-
amount of iron deposited is seen to increase in thang ions and of the electrophoretic mobility for the
course of the molecular layering reaction, but to a lesSilochrom C-120 surface covered with fexygen
extent than with aluminium and tin oxide layers.nanolayers [(4F84/Si0,)°™] gave pHgp =
Comparison of the™W-pH dependences for the PH,pc = 4.4x0.1. This value differs from the corres-
nFe,04/Si0, samples showed that the modifiedponding pHep values both for the silica support and
surface is negatively charged over the entire pH rangir bulk iron hydroxide ¢-FeOOH). TheZ"V—pH and
studied. So we failed to determine isoelectric pointd’;—pH dependences for Fe-oxygen nanostructures are
for these samples. also similar to those foe-FeOOH, implying appreci-
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Fig. 10. Dependence of the electrokinetic potenti;W
on pH on the background of 1 M NaCl. (1)
SiO, (GT), (2) FEOOH, B) (Fe,04/Si0,)OCHs, and
(4) (4F804/Si0,)OCHs (250°C).

able effect of the deposited iron oxide layers on the

characteristics of the modified SjQurface. However,

ERMAKOVA et al.

of the modified surface (pigp = 4.2-4.5) is between
the isoelectric points of silicon and titanium oxides,
which suggests a mosaic structure of the surface;

(d) for Al-oxygen nanostructures, gradual substitu-
tion of support silanol groups is observed with increas-
ing number of molecular layering cycles. The elec-
trosurface characteristics of the nanostructure prac-
tically coincide with those of bulk aluminium hydr-
oxide atn = 4-5;

(e) for Sn-oxygen nanostructures on the boehmite
surface, we could find such molecular layering condi-
tions that allowed an almost complete modification of
the initial surface and passing from the electrosurface
characteristics of AIOOH to analogous parameters
of Sno,,

(H) in the case of Fe-oxygen nanostructures on
silica support, we failed to achieve complete substitu-
tion of silanol groups by Fexygen ones by varying
synthesis conditions;

(g) the pH values for the isoelectric and zero-
charge points of an oxide covered with element
oxygen nanostructures of different chemical nature
can serve as a criterion of the completeness of sub-
stitution of support surface groups in the course of the
synthesis of nanostructures by molecular layering
from the gas phase.

ACKNOWLEDGMENTS

the different isoelectric point and zero-point charges The work was financially supported by the Russian
for bulk oxides and for Feoxygen nanostructures on Foundation for Basic Research (project no. 00-15-
the SiQ, support shows that here, too, we failed com-97 357).

plete substitution of silanol groups of the support, in

contrast with the situations observed with aluminium

and tin oxide layers.

Comparison of the electrosurface characteristics ofl'

silicon, titanium, iron, tin, and aluminium (hydr)-
oxides with analogous properties of elementygen

nanostructures on silica supports allows the following

conclusions:

(a) the electrosurface characteristics of a nanostruc-
ture deposited is independent of the type of the silica

support;
(b) the deposition of an elemeiixygen nanolayer

on a support of the same chemical composition has
almost no effect on the isoelectric point and the elec-

trokinetic potential of the surface;
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