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Abstract

Growth and investigation of oxide and nitride nanostructures.

The purpose of this work was the development of the hydrazine based technology
for the synthesis of oxide and nitride one dimensional (1D) nanomaterials. The second
purpose was to investigate the details of their seeding and one dimensional growth and
also to study their composition and structure.

The thesis comprises three chapters. In the first chapter the available literature data
was analysed concerning the general properties of nanowires and their applications in
different devices. The role of nanowire based devices is emphasized. The first paragraph
of this chapter is devoted to the growth methods of one dimensional (1D)
nanostructyures. First the well known Vapour-Liquid-Solid (VLS) growth mechanism
was considered. The method implies the deposition of catalyst nanoparticles and
subsequent supply of vapour which contains the material of the future nanowire. The
main request for the growth of 1D nanostructers is the ability of catalyst material to form
the eutectic solution with the material in vapour. The melting point of the eutectic droplet
is relatively low as compared with both constituent elements. The catalyst melts at low
temperatures and the vapour molecules are permanently adsorbing and diffusing into it.
This causis the oversaturation of the droplet and excess nonequilibrium molecules are
precipitating from the liquid catalyst forming the growth front with the solid-liquid
interface. The consequent growth of nanowires proceeds through the adsorption of
molecules on the catalyst, diffusion to the growth front, precipitation and growth of solid
nanowires. The diameters of nanowires are defined by the sizes of catalyst droplets.

Some other methods for the growth of 1D nanostructures are also considered in this
chapter. They include the Vapour-Solid (VS) mechanism and its well known modification
the Oxide-assisted growth. Both methods imply the formation of solid nanowires directly
from the vapour phase. Comparing both methods one can conclude that the VLS method
needs smaller energy budget, while the VS mechanism requires higher growth
temperatures. Both methods were successively used in this work to synthesize the nitride

and oxide nanowires.

Vil



The second chapter is devoted to the technological and analytical methods which
were used in this work for the fabrication and investigation of 1D nanostructures. The
details of the technological equipment are presented. The method of purification of
Hydrazine (N,H,) by its distillation is considered. The analytical methods include the
scanning and transmission electron microscopy (SEM and TEM), XRD method. The
thermodynamic parameters of the reactions were evaluated using the software HSC
Chemistry 5.1 and the images were analyzed by the program ImageJ-1.47.

In the third chapter the results of the experimental work are presented. For the
growth of nanowires the glass vacuum system was used, which was connected to the
vertical quartz reactor. The Ge source in the form of 2mm thick disk, or a small piece of
In (~0.8 g) were places on the bottom of the reactor and the Si substrate was positioned at
some distance above it using the tubular quartz spacer. The reactor was evacuated down
to 5x10™ Torr and then filled with hydrazine vapour deleted with 3 mol.% water. The
source was annealed at the saturated pressure of hydrazine (10 Torr) using the external
resistive heater (400-850°C).

It was established, that if Ge is annealed at temperatures not exceeding 510°C , then
the GesNs nanowires are growing on the source and substrate through the VLS
mechanism. Ge enriched droplets served as self-catalysts for the growth. The nanowires
on the source and substrate have different directions of tapering, which was explained by
the increased flux of GeO molecules in the direction of substrate during the growth
process. At temperatures exceeding 510°C the nanowires were growing through the OAG
method without catalyst. However, in this case the nanobelts were formed instead of
nanowires with circular cross-sections.

The minimum thickness of nanobelt was found to be 2 atomic layers, while the
minimum diameter of VLS nanowires was 7 nm. The lengths were reaching even tens of
micrometers. All nanowires have single crystalline with a-GesNy structure. They were
growing in the direction perpendicular to the (01-1) plain. In the places where nanowires
were growing from the seeds the presence of traces of -GezN4 was observed.

The application of In as a source material in the same set of equipment caused the

growth of strongly tapered nanowires on the Si substrate. The catalyst tips and nanowires



in the nearby region have micrometer sizes, while the diameters of nanowires near the
opposite ends were in the range of 60-100 nm.

All peaks in the XRD pattern of nanowires were indexed to the cubic body
centered cubic In,03. No other crystalline material was found by XRD method. The
elemental mapping of nanowires grown on Si substrate reveals, that the catalyst tips
consist of In, while the trunks of nanowires comprise crystalline In,Os.

In the last set of experiments we used the combined In+Ge source for producing
nanowires at different temperatures. In the temperature range of 450-460°C the mixture
of In,O3 and Ge nanowires was obtained. At 510°C two types of nanowires were
produced. They were containing the crystalline In,Ge,O; and InN nanowires. The results
of these experiments clearly show that depending on the growth temperature and source
material different compound nanomaterials can be grown, including oxides, nitrides and

oxinitrides.
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ammonia NH, hydrazine N,H,
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Nr.  [Reaction A (L/molds) m Ea
(kJ/mol)
1 INH3+ M[N2(2);H2(2)] =NH + 2+ M 6.30E+11 0 391
2 NH3+ NH = 2NH 3.16E+11 0 112.08
3 | NH2+ NH=NH+N 1.00E+10 0 8.37
4 | NH3+NH=N2H3+ Hz 1.00E+08 0.5 90.43
5 | NH+H=NH+H 1.00E+11 0 84.03
6 [ NH+H=N+Hk 3.20E+10 0 1.36
7 | N2H3+ M[N2(2.4);NH3(3);N2H4(4)] = N2+ NH + M 5.00E+13 0 251.21
8 | N2Hs+ M[N2(2.4);NH3(3);N2H4(4)] = NH2 +H+ M 1.00E+14 0 138.16
9 | N2H2 + M[N2(2);H2(2)]=NNH +H + M 5.00E+13 0 209.34
10 | NNH + M[N(2);H2(2)]=Ne +H+ M 1.00E+10 0.5 12.81
11 | N2H2 + NH2 = NH3 + NNH 8.80E-05 4.05 -6.75
12 | N2H2 + H=NNH + k 85 2.63 -0.963
(__ 13 | 2NH2+ Act Site{s} = NoH4 + Act Site{s} k=4.23E +13( L/mol.s)
'32 N2Ha + M[N2(2.4);NH3(3);N2Ha4(4)] = 2NH+M 5.00E+11 0 251.21
Gé /% 14 | Low pressure
L% c% N2H4 + M[N2(2.4);NH3(3);N2H4(4)] = 2NH:+ M 1.50E+12 0 163.28
5 o % 15 | N2Ha4 + M[N2(2.4);NH3(3);N2H4(4)] = NH3 + H+ M 1.00E+12 0 266.28
- € 16 | N2H4 + NH =NH + N2H3 1.00E+06 1.5 8.37
8 & 17 | N2H4 + H=NeHs + He 7.00E+09 0 10.47
cg 52 18 | N2H4 + N =NeHs + NH 1.00E+07 1 8.37
R & 19 | N2H4 + NH2 = N2 H3 + NH3 1.80E+03 1.71 -5.78
\E{ o) R 20 [ NH3s +H=NH + H2 5.42E+02 24 41.53
/% & 21 | 2H +Act Site{s} = H + Act Site{s} k=3.51E +14( L/mol.s)
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