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I t d ti SEM images of eleIntroduction SEM images of ele
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g
Nanostructured and microstructured materials, whose
principally new physical properties result from theprincipally new physical properties result from the
developed surface and quantum-size effects, constitutede e oped su ace a d qua tu s e e ects, co st tute
th f i i bj t f th d d t i lthe group of promising objects of the advanced materialsg p p g j
science Porous titanium oxides are well knownscience. Porous titanium oxides are well-known
representatives of this type of materials Recentlyrepresentatives of this type of materials. Recently,
adsorption, optical, electrical, catalytic, andadsorption, optical, electrical, catalytic, and
h t t l ti ti f TiO h tt t dphotocatalytic properties of TiO2 have attracted ap y p p 2

special interest of researchersspecial interest of researchers.
Up to present a number of efficient methods of creatingUp to present, a number of efficient methods of creating
nanostructures, including those based on the self- Samplenanostructures, including those based on the self

i i i i
Sample

organization principle, have been developed. Self-
p

g p p , p
i ti f tit i id b tt i d b itorganization of titanium oxide can be attained by its

anodization in acids (for instance sulfuric oranodization in acids (for instance, sulfuric or
phosphoric) most often in fluorine-containingphosphoric), most often, in fluorine containing
electrolytes, since dissolution proceeds there throughelectrolytes, since dissolution proceeds there through
f ti f fl id l A di id ti fformation of fluoride complexes. Anodic oxidation ofp
titanium in a fluorine containing electrolyte enables onetitanium in a fluorine-containing electrolyte enables one
to obtain nanostructured coatings consisting of TiOto obtain nanostructured coatings consisting of TiO2
nanotubes, whose parameters can be controlled varying thenanotubes, whose parameters can be controlled varying the

id i di ioxidation conditions.

ExperimentExperiment
Anodic oxidation of titanium was performed in a two-Anodic oxidation of titanium was performed in a two-

Sample No 2electrode electrochemical cell using a B5-49 direct Sample No.2 electrode electrochemical cell using a B5 49 direct
i icurrent source. Pt served as an auxiliary electrode, they ,

Ti l t ki l t dTi plate was a working electrode.
The electrolyte temperature during anodization wasThe electrolyte temperature during anodization was
maintained constant and equal to 20 °C using amaintained constant and equal to 20 C using a
thermostat. To obtain the nanotubular structure ofthermostat. To obtain the nanotubular structure of
tit i d l ti f NH F HF ithtitanium anodes, an aqueous solution of NH4F∙HF withq 4
addition of Na SO and complexing agents was usedaddition of Na2SO4 and complexing agents was used.
Thereafter for the sake of properties modification theThereafter, for the sake of properties modification, the
obtained Ti/TiO2(nano) systems were held in an aqueousobtained Ti/TiO2(nano) systems were held in an aqueous

l i f Cl f h i 3 10 2 l l 1solution of H2PtCl6 of the concentration 3·10-2 mol·l-12 6
(Ti/TiO (nano) Pt) for 1 h dried and annealed in a(Ti/TiO2(nano),Pt) for 1 h, dried, and annealed in a
muffle furnace at 500 °C for 4 h (Table)muffle furnace at 500 C for 4 h (Table).
The surface structure was investigated on a Hitachi S-The surface structure was investigated on a Hitachi S

Sample No 3 (m5500 scanning electron microscope (SEM) (Hitachi, Japan). Sample No.3 (mg p ( ) ( , p )

Modification conditionsModification conditions

Concentration
S l

Concentration 
A l ti hSample

H PtCl M
Anneal time, ha p e

H2PtCl6, M
ea t e,

H2PtCl6, M

No 1 - -No. 1 - -

No 2 - 4No. 2 - 4

No 3 3·10-2 -No. 3 3 10 -

No 4 3·10-2 4No. 4 3·10 4
Sample No 4 (modificSample No.4 (modific
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ectrodes surface S l N 1ectrodes surface Sample No.1p
Th t b ith ll d fi d b d i f lThe nanotubes with well-defined boundaries of a regular
form are observed The sufficiently great number ofform are observed. The sufficiently great number of
boundaries approximates in the form to convex polygonsboundaries approximates in the form to convex polygons
with well defined directions of sides One can observewith well defined directions of sides. One can observe
the near correct configurations in the form of square,the near correct configurations in the form of square,

t l d l f tl hrectangle and, less frequently, hexagon.g , q y, g
S l N 2Sample No.2p

After annealing the boundaries of nanotubes becomeAfter annealing, the boundaries of nanotubes become
blurred and widen However one can still identify theblurred and widen. However, one can still identify the
boundaries associated with isolated nanotubes Although

e No 1
boundaries associated with isolated nanotubes. Although

e No.1 the structure gets worse and becomes in whole morethe structure gets worse and becomes in whole more
b h h l l d i h l iuneven, but the short-range local order in the relative, g

iti i f t b i dpositioning of nanotubes is preserved.p g p
Sample No 3Sample No.3

The presence of the additional component changesThe presence of the additional component changes
materially the surface structure Pt nanoparticles arematerially the surface structure. Pt nanoparticles are
observed over the whole sample surface, basically, atobserved over the whole sample surface, basically, at
h b d i f b h b ithe boundaries of nanotubes. The nanotubes, in contrast,
t th l N 1 h i di id l b d i Thto the sample No.1, have no individual boundaries. Thep
neighbor nanotubes are separated by common and at theneighbor nanotubes are separated by common and, at the
same time sufficiently wide boundaries (walls) It cansame time, sufficiently wide boundaries (walls). It can
be said that the structure of the nanotube array is inbe said that the structure of the nanotube array is in
completely stochastically uniform.completely stochastically uniform.

S l 4(annealing) Sample No.4(annealing) p
Aft li th t t f th t bAfter annealing, the common structure of the nanotubeg
array acquires a sharpness The boundaries of nanotubesarray acquires a sharpness. The boundaries of nanotubes
become essentially thinner The image as compared tobecome essentially thinner. The image, as compared to
the sample No 3 is more contrast The observedthe sample No. 3, is more contrast. The observed
quantity of the platinum nanoparticles decreasesquantity of the platinum nanoparticles decreases

i 3essentially as compared to the sample No.3. In suchy p p
th ll b f li fcase, the walls, as before annealing, are common for, , g,

the neighbor nanotubesthe neighbor nanotubes.

R ltResults
• Th tit i id t b bt i d h i th• The titanium oxide nanotubes obtained when using the
aqueous solution of NH F∙HF with addition of Na SO andaqueous solution of NH4F∙HF with addition of Na2SO4 and
complexing agents (sample No 1) have sufficiently well-modification) complexing agents (sample No.1) have sufficiently wellmodification) defined structuredefined structure
•• The modification with Pt (sample No.3) results inThe modification with Pt (sample No.3) results in
h i h h f h b dchanging the character of the nanotube structure andg g
“ ” “ dh i ” f th b d i f t b“coarseness”, “adhesion” of the boundaries of nanotubes
with disturbance of geometry as well as appearance ofwith disturbance of geometry as well as appearance of
large number of the Pt nanoparticleslarge number of the Pt nanoparticles
• The annealing of these samples leads to differentThe annealing of these samples leads to different
results. For unmodified sample (No.2), the form of theresults. For unmodified sample (No.2), the form of the

b i b l d li d h inanotube sections became less delineated. The SEM-imageg
“b bl d” d l l d i l“became blurred” and local ordering was lessg
pronounced On the contrary the annealing of thepronounced. On the contrary, the annealing of the
modified sample has resulted in the thinning ofmodified sample has resulted in the thinning of
nanotubes boundaries and manifestation of thisnanotubes boundaries and manifestation of this
structure

cation + annealing)
structure
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