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1. Introduction  

Perovskite oxides such as alkaline niobates crystal possess many interesting properties 
including piezoelectricity, pyroelectricity, electro-optic and nonlinear optical response (Bhalla 
et al., 2000). The most common alkaline niobates material is lithium niobate (LiNbO3). Since 
the discovery of LiNbO3 ferroelectricity (Matthias & Remeika, 1949), its properties are widely 
exploited by electronic devices particularly in telecom applications (Wooten et al., 2000). Those 
devices are made from bulk or thin films material and serves as sensors, actuators, detectors or 
filters. Potassium niobate (KNbO3) is most known for its large nonlinear coefficients ideal for 
wavelength conversion like second-harmonic generation (SHG), sum frequency mixing, as 
material in optical parametric oscillator, or lead-free piezoceramics (Saito et al., 2004). Sodium 
niobate (NaNbO3), less studied than LiNbO3 and KNbO3, also belongs to the alkaline niobates. 
Generally associated with potassium, NaNbO3 is a very promising lead-free piezoelectric 
ceramics (Guo et al., 2004).  
Besides bulk and thin films structures, zero- (0D) and one-dimensional (1D) alkaline 
niobates nanostructures were synthesized recently to combine the dimensional confinement 
with the other known properties of perovskite materials. Different synthesis routes have 
been explored to obtain 0D nanoparticles or nanoflakes from alkaline niobates such as 
mechano-chemical milling (Kong et al., 2008; Schwesyg et al., 2007), nonaqueous route 
(Niederberger et al., 2004), sol-gel method (L. H. Wang et al., 2007) or hydrothermal route 
(An et al., 2002). Almost simultaneously, anisotropic alkaline niobates 1D structure were 
synthesized  with various methods such as template assisted pyrolysis resulting in regular 
arrays of tubes (Zhao et al., 2005), solution-phase synthesis resulting in rod-like structures 
(Wood et al., 2008), or hydrothermal route giving free-standing nanowires with high aspect 
ratio (Magrez et al., 2006).  
Up to now, the nanomaterials properties have been well characterized using standard 
materials sciences methods like X-ray diffraction (XRD), scanning electron (SEM) or 
transmission electron (TEM) microscopy. However, nonlinear optical or electro-optic 
properties have been rarely studied. Moreover, few applications have used these types of 
nanowires while combining the various physical properties of perovskite alkaline materials 
and the anisotropic shape at the nanoscale level. Nanometric SHG light probe manipulated 
by optical tweezers and capable of guiding light has been already demonstrated (Nakayama 
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et al., 2007), as well as localized SHG light source in optofluidics environment (Grange et al., 
2009).  
In this chapter, we focus on the synthesis, optical characterization and applications of Li-, 
Na-, KNbO3 nanowires. Some crystal and second-order optical properties of the investigated 
alkaline niobates are summarized in Table 1. We will describe hydrothermal and molten salt 
synthesis. We will measure some optical and physical properties of these nanowires. Then 
we propose the use of plasmonics gold nanoshells to enhance the SHG signal and for best 
biocompatibility with biological applications. Finally we show interesting applications using 
optical tweezers and microfluidics chips by combining dielectrophoresis and SHG. 
 

Material Crystal system deff (pm/V) References 

LiNbO3 Trigonal [2-34.4] 
(Boyd, 2008; Fluck & Gunter, 2000; Shoji et al., 

2002; Sutherland, 2003; Weber, 2003) 

KNbO3 Orthorhombic [10.8-19.6] 
(Fluck & Gunter, 2000; Shoji et al., 2002; 

Weber, 2003) 
NaNbO3 Orthorhombic [0.8-4.5] (Johnston et al., 2010; Ke et al., 2008) 

Table 1. Typical crystal system at room temperature and its corresponding second-order 
susceptibility tensor elements (deff) range. 

2. Synthesis methods  

Several research groups developed different chemical synthetic approaches to fabricate 
crystalline alkaline niobates nanowires such as exploiting sol-gel route (Pribosic et al., 2005), 
hydrothermal route (An et al., 2002; Magrez et al., 2006; H. F. Shi et al., 2009; G. Z. Wang, 
Selbach et al., 2009; G. Z. Wang, Yu et al., 2009; Wu et al., 2010) and molten salt synthesis 
(MSS) (Li et al., 2009; Santulli et al., 2010). 
Among the three studied alkaline niobate materials, LiNbO3 nanowires synthesis is the most 
challenging one. So far only two groups reported successful synthesis of free-standing 
LiNbO3 (Grange et al., 2009; Santulli et al., 2010). In contrast multiple synthesis routes can be 
found for other alkaline materials as potassium niobate KNbO3 (Li et al., 2009; Magrez et al., 
2006; Nakayama et al., 2007; G. Z. Wang, Selbach et al., 2009; G. Z. Wang, Yu et al., 2009) and 
sodium niobate NaNbO3 (Li et al., 2009; H. F. Shi et al., 2009; Wu et al., 2010) nanowires. We 
have investigated two chemical synthesis methods for the nanowires fabrication: 
hydrothermal synthesis and molten salt synthesis (MSS). 
Hydrothermal synthesis is a technique used to crystallize substances under moderate 
temperatures (200-250°C) and high pressures. Thanks to the use of an autoclave, a thick-
walled steel cylinder with an hermetic seal, the wanted crystalline materials can be 
obtained in one step (Fig. 1 a). The large amount of material that can be fabricated, the 
easiness (one step synthesis) and the speed of the synthesis make this approach very 
convenient. To optimize the synthesis parameters one can adjust the temperature, the 
time, the pressure (by an external pressure or the degree of the autoclave filling), the 
caustic soda concentration, the solid-liquid ratio and additives to control the properties of 
the end product. Thus, hydrothermal synthesis is promising because many operation 
parameters can be modulated to control the particle size and morphology. Due to its 
simplicity the hydrothermal technique has been widely studied and employed in 
inorganic synthesis for many years.  
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Molten salt synthesis (MSS) is used to prepare complex oxides from their constituent oxide. 
It is a multi steps synthesis and it is way longer than hydrothermal synthesis approach but 
more adaptable to other alkaline materials than KNbO3 as shown in the literature (Li et al., 
2009; Santulli et al., 2010). Oxides corresponding to a perovskite compound are mixed with 
one or two kinds of salt sand then heated at a temperature above the melting point of the 
salt to form a flux of the salt composition (Fig. 1 b). At this temperature, the oxides are 
rearranged and then diffused rapidly in a liquid state of the salt. With further heating, 
particles of the perovskite phase are formed through the nucleation and growth processes.  
A huge advantage of chemical synthesis in respect to chemical vapor deposition (CVD) or 
lithographic fabrication of nanowires is the ability to synthesize free-standing nanowires. 
Thus no further step is needed to isolate or detached the nanowires, because no substrate is 
involved in the synthesis.  
 

 

Fig. 1. a) Schematic diagram of a typical laboratory autoclave from Parr (Acid digestion 
bomb, 125ml, Model 4748). b) Schematic of the experimental setup for molten salt synthesis. 

Fig. 2 shows typical results of KNbO3 nanowires hydrothermally synthesized following 
(Magrez et al., 2006) recipe, NaNbO3 nanowires hydrothermal synthesized following  
(Zhu et al., 2006) recipe and LiNbO3 nanowires molten salt synthesized following (Santulli 
et al., 2010) recipe. Due to the low solubility of lithium hydroxide, molten salt synthesis is 
preferred to fabricate LiNbO3 nanowires even if it is a multistep synthesis. 
 

a) b) c)

2 m 1 mm

 

Fig. 2. SEM images of a) KNbO3 nanowires with an aspect ratio up to 25. b) NaNbO3 
nanowires with an aspect ratio up to 50. c) LiNbO3 nanowires with an aspect ratio up to 10.  
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3. Material properties and characterization 

To investigate the structure of produced nanowires XRD characterization was employed, 
confirming the KNbO3 orthorhombic structure in a percentage of 100%, NaNbO3 

orthorhombic phase in a percentage of 15% and LiNbO3 trigonal phase in a percentage of 
75% (see Fig. 3 a to c). 
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Fig. 3. X-ray diffraction (XRD) measurements (red) together with theoretical peaks (green) 
expected for desired phases of a), KNbO3 b) NaNbO3, c) LiNbO3. 

In the hydrothermal synthesis procedure, to increase the percentage of preferred nanowire 
crystal structure, a calcination step (annealing at high temperatures such as 550°C) can be 
performed. This calcination step increases the amount of ordered material phase in respect 
to other phases present in the sample, without changing the shape of the sample (Ke et al., 
2008; H. Shi et al., 2009). For NaNbO3 synthesis, this additional step resulted in the drastic 
increase in the amount of pure material switching from 15% to 64% of presence of NaNbO3 

ordered phase in the sample (Fig. 3 b). 
Besides XRD, that will give results over a high number of nanowires, it is possible to perform 

Raman scattering measurements on single nanowires that allow to distinguish materials and 

reveal unexpected phenomena (Louis et al.). As a preliminary result, we performed Raman 

measurements on KNbO3 nanowires and for comparison we show LiNbO3 nanoflakes Raman 

measurements too (Fig. 4). Typical LiNbO3 traces show peaks between 300 cm-1 and 480 cm-1 
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(Santulli et al., 2010). KNbO3 has one strong peak right below 300 cm-1 and nothing else 

between 300 and the silicon substrate peak (Louis et al.). The spectra are then different enough 

even between two alkaline niobates to easily distinguish the materials. 

 

 

Fig. 4. Raman spectrum of KNbO3 nanowires (blue) at 80K showing the typical shape 
known for this material and of LiNbO3 nanoflakes (red). 

4. Nonlinear optical characterization 

The perovskite nanowires with their non centrosymmetric crystal structures exhibit second-
order optical effects which open up a wide range of applications even at the nanoscale level. 
Indeed, this nonlinear effect scales with the square of the electric field, but it is a volume 
effect which is measureable down to a single nanoparticle level even in far field microscopy 
(Hsieh et al., 2010), contrary to weak surface SHG effect of centrosymmetric materials 
(Dadap, 2008; Dadap et al., 1999). In the nonlinear regime, the optical response is expressed 
by the polarization P as a power series in the electric field E as 

 2 3
0 1 0 2 0 3 ...P E E Eε χ ε χ ε χ= + + +

   
 (1) 

where ε0 is the permittivity of free space and χi is the i th-order nonlinear optical 
susceptibility tensor. Each χi represents a different optical effect that can be summarized as 
follows for a physical understanding of Eq. (1). χ1, the linear susceptibility, is related to 
absorption and reflection of light. χ2 encompasses sum and difference frequency generation 
such as SHG. χ3 describes multiphoton absorption, third harmonic generation or coherent 
anti-Stokes Raman scattering.  
Our applications are related to SHG as illustrated in Fig.5 a and b. When a nanocrystal of 
non centrosymmetric structure is optically excited at a fundamental frequency, it emits 
the optical signal at the exact doubled frequency. Only materials with crystalline 
structures lacking a centre of symmetry are capable of efficient SHG. Not only SHG will 
be scattered but the fundamental frequency too, thus efficient filters are needed to cut the 
fundamental. 
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Fig. 5. (a) Schematic diagram of the SHG mechanism. (b) Energy diagram of the physical 
SHG mechanism. 

The setup for the optical characterization of the SHG signal is shown in Fig. 6. A near 
infrared laser light (100 fs Ti:Sa oscillator) is focused onto a sample by lens L1 and the 
objective (OBJ) collects the signal imaged through a 4f configuration with lens L2. Filters are 
used to cut the fundamental frequency and detect only a narrow band around the SHG 
frequency onto an electron multiplying charges coupled device (EMCCD).  
 

 

Fig. 6. Setup for measuring SHG from nanowires dried on a microscope glass slide. L1, L2, 

lenses; λ/2 half wave plate; OBJ, objective. 

Typical SHG measurements at different incident polarization angle are displayed in Fig.7. 
When the polarization is parallel to the nanowire the signal is the strongest, which is 
expected for a nanowires with an optical axis along the nanowire. Full polar SHG 
characterization is then possible and a fit of the experimental data can confirm the crystal 
orientation of a nanowire, which is not a priori known for chemically bottom-up 
synthesized nanowires (Grange et al., 2009). 
 

 

Fig. 7. EMCCD images of a single niobate nanowire under different incident light 
polarization. The insets sketched the wire position and the  incident light polarization (red 

arrow). Images size 6x6 µm. 

In addition to conventional measurements of SHG from niobate nanowires we have carried 
out SHG characterization by using Optical Tweezers (OT) (see Fig.8). An OT uses a focused 
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laser beam to provide an attractive or repulsive force (typically on the order of pN), 
depending on the refractive index mismatch, to physically hold and move microscopic 
dielectric objects. Optical tweezers are routinely used tools in both physical and life sciences 
for manipulating objects from micron to the atomic scale and as force transducers in the pN 
range (Neuman & Block, 2004).  
 

filter

1064 nm,

2.5 W Laser mirror

XYZ

positioner

objective

condensor

sample
chamber

mirror

beam

expander

EM CCD
camera

illumination

shutter

filter

wheel

filter

filter

spectrometer

or camera

PSD detector

polarizer

condenser lens

 

Fig. 8. Single beam optical tweezers setup for SHG characterization of the trapped 
nanowires. A Nd:YVO4 CW 1064 laser is used simultaneously for nanowire trapping and 
pumping. As in the conventional SHG setup, the signal is recorded using an EMCCD 
camera. After passing through the condenser, the output IR beam passes through an 
aperture and it is detected by a position sensitive detector (PSD) positioned at the rear focal 
plane of the condenser. Any transverse motion of the trapped nanowire will cause the center 
of the output beam to shift sideways on the PSD. 

The ability to control and monitor the position of a mesoscopic object with nanometric 
precision is important for the rapid progress of nanoscience and it is perfectly suited for the 
study of biological phenomena. Besides its application in biology, OT are also an appealing 
tool for semiconductor nanowire integration owing to their ability to act in situ in closed 
aqueous chambers, their potential applicability to a broad range of dielectric materials, their 
spatial positioning accuracy (<1 nm), and the degree to which their intensity, wavelength 
and polarization can be controlled using tuneable lasers. All trapping experiments and 
subsequent SHG characterization were carried out on a home-built single beam optical 
tweezers system. 
As in the conventional setup, we can probe SHG from individual niobate nanowire under 
different incident light polarization. The SHG signal under different incident polarization is 
much less sensitive in this orientation due to the tweezing geometry (Fig. 9). However, it 
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may still slightly differ from wire to wire due to the variability of crystalline phases of the 
bottom-up synthesized nanowires.  
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Fig. 9. EMCCD images of trapped single niobate nanowire under different incident light 

polarization. Images size 10x10µm. 

3. Plasmonics nanoshells for enhanced SHG 

We showed that non centrosymmetric nanowires exhibit SHG signal. However, nonlinear 
optical processes such as harmonic generation are generally inefficient at very small scale 
(the intensity goes down with the square of the particle volume). By developing nonlinear 
optical plasmonics core shell cavities, it was possible to strongly enhanced the SHG 
response of BaTiO3 nanoparticles (Pu et al., 2010). Similarly, KNbO3 nanowires are covered 
by a thin layer of gold to reach a near infrared plasmonics resonance and enhance the SHG 
signal for optimized used as imaging probes or localized light source. 
 

 

Fig. 10. Synthesis steps of KNbO3/Au core-shell nanowires with their corresponding SEM 
images. (a) bare KNbO3 nanowires (b) surface seeding with 2-3 nm colloidal gold particles 
(c) growth of a gold complete shell around the wires. 

The gold coating process for KNbO3/Au core-shell nanowires involved three main steps 
illustrated in Fig. 10. First of all, primary amines are coated on the surface of the KNbO3 
nanowires (Hsieh et al., 2009). The amino complex (Aminopropyltriethoxysilane) presents 
NH2 complex at the surface of the wires. Then, 2-3 nm gold particles are adsorbed onto the 
surface of KNbO3 wire thanks to the silane-amine functionalization (Au3+ cations are 

www.intechopen.com



 
Niobates Nanowires:Synthesis, Characterization and Applications 

 

517 

attracted by the primary amine NH2 which become secondary amine) (Fig. 10 b). Finally, the 
Au shell is grown all around the particle from the seeded particles by a reaction of reduction 
of gold by hydroxylamine (Fig. 10 c).  
The gold reduction process to coat the wire surface still needs some improvement for a 
better and more uniform coverage of the surface. However, inhomogeneities may even 
enhance the plasmonics effects as commonly used in photovoltaic devices based on 
plasmonics nanoparticles (Atwater & Polman, 2010). Further measurements will be 
performed to compare SHG signal from coated and uncoated wires. 

5. Applications of optically tweezed nanowires 

Recently, Nakayama et al. proved that several different types of nanowires can be stably 
trapped in optical traps; and that optical traps can thus be used to manipulate assembled 
three-dimensional nanowire heterostructures. Individual optically trapped nanowire can be 
placed and held in direct contact with living cells; in addition, one class of nanowires 
(KNbO3 wires) exhibits efficient SHG and act as frequency converters, raising the possibility 
for a new type of scanning light microscopy (Nakayama et al., 2007) (Fig.11). Due to their 
small cross-section, nanowires represent ideal probes for mechanical and optical stimulation 
of cells and even organelles without overloading the sample with photons. 
 

 

Fig. 11. Schematic of the experimental geometry where laser tweezers are used to accurately 
position the nanowire and excite fluorescence (A) Excitation of a fluorescent bead by 
waveguided SHG signal from an optically trapped KNbO3 nanowire. (B) Schematic of 
inverted optical scanning configuration band AFM topographic image of thermally 
evaporated pattern of gold stripes on a glass coverslip. (C) AFM line scan from region 
indicated in B). (D) Optical transmission profile captured by scanning a single KNbO3 
nanowire over the metallic surface structure. The nanowire dimensions used to create the 
transmission line scan was measured by AFM: width=122 nm, length =1.4 µm and 
height=53 nm. From (Nakayama et al., 2007). 
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The nanowires can be also used as complementary biomarkers for long term cell tracking 
experiments. Two important nanowire features such as subwavelength waveguiding and 
frequency conversion capability with the ability to use optical tweezers to manipulate 
nanowires in realistic physiological environments can be used for various biological 
applications as local light and force sources (Fig. 12). Due to the subwavelength optical 
waveguiding nature of niobate nanowires, it is possible in combination with laser tweezers to 
create highly localized excitation source with the size which is determined by the nanowire tip 
diameter and to achieve the high spatial accuracy of nanowire position. This method is not 
only limited to the membrane proteins but it can be extended also to the imaging of 
intracellular compartments such as mitochondria. The success of intracellular imaging 
depends mostly on the nanowires functionalization with appropriate surface chemistries 
which will decrease the force required to introduce wires in the cell (Wallace & Sansom, 2008).  
 

glasscoverslip

glasscoverslip

traped
nanowire Cell membrane

Cytoplasm

Nucleuswith DNA Mitochondria

Ribosomes

Golgy body

 

Fig. 12. Schematic of the experimental geometry where laser tweezers are used to accurately 
position the nanowire on the cell membrane while the nanowire through efficient SHG 
creates local excitation source. Fluorescence micrograph of a cultured mouse fibroblast (NIH 
3T3) expressing YFP labeled ezrin and a  nanowire. 

6. Applications in optofluidics environment 

In this section, we show applications of nanowires in an optofluidics environment. First we 
describe the devices fabrication, then a simulation of the device and finally experimental 
results with the nanowires.  
The optofluidics device fabrication implies different process flows depending on the 
applications (Fig. 13). For dielectrophoresis applications, a 1 mm thick glass plate with a 
conductive electrode pattern in indium tin oxide (ITO) is used as described in (Choi et al., 
2006). The sample is fabricated using contact photo lithography (Fig. 13 a). First, we obtain 
ITO coated glass plates rated at 30-60 Ω/square. Next, positive photoresist is spincoated 
onto the plates. A pattern is exposed using a UV mask aligner and developed. Finally, the 
ITO is etched to create the electrode pattern.  In case of microfluidic channels that are made 
of polydimethylsiloxane (PDMS), the fabrication uses the replica molding technique (Fig. 13 
b). A master mold is produced through UV lithography on a silicon wafer. After 
trimethylchlorosilane (TMCS) treatment of the master mold for 5 min, the PDMS is poured 
onto the mold with a 10 : 1 base-to-curing agent ratio. After curing in an oven at 80 °C for 1 
h, the silicone is released from the mold. 
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Fig. 13. (a) ITO process flow), (b) PDMS process flow. 

For the first type of device, a floating dielectrophoresis electrode design was used to prevent 
shorting the nanowire after being trapped (Banerjee et al., 2007). This concept is best 
demonstrated by the COMSOL simulation (Fig. 14 a). A voltage is placed between the top 
and bottom electrodes. Due to the geometry of the floating electrodes, high electric fields are 
generated at the tips in the middle floating electrodes. The direction and magnitude of the 
electric field is indicated by the arrows. The high electric fields serve as dielectrophoretic 
traps and the direction of the electric field will align the nanowires due to electro-

orientation. For the specific design, triangular ITO electrodes were designed with a 2 µm 

gap and the triangular ITO electrodes were separated by the contact electrodes with a 5 µm 
gap. The application of an external electric field induces an additional electro-orientation 
force caused by dielectrophoresis (DEP). DEP forces have been utilized to orient and 
manipulate several different types of dielectric nanowires (Burke, 2004). 
 

 

Fig. 14. (a) COMSOL simulation of the electrode design. Normalized surface electric field 
(V/m), arrow electric field (V/m).(b) White light image of the trapping of Lithium niobate 
nanowires at the tips of the floating electrodes. 
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A standard ITO etch with a 5:6:1 ratio of H2O:HCl (40%):HNO3 (60%) at room temperature 

was utilized. By changing the etching time, we were able to control the size of the gap 

between the triangular electrodes. With a 5 minutes etch, the electrodes were shorted and 

there was no gap. At 10 minutes, a 1 µm gap existed. By 15 minutes, a 2 µm gap was formed. 

Results utilized a 10 to 15 minutes electrode etch. A PDMS microfluidic channel with the 

dimensions of 100 µm wide, 10 µm deep and 1.5 cm long was placed to overlap with the 

electrode gap. The microfluidic channel can hold 15 nL of liquid. To obtain at least a single 

nanowire in the entire channel, a concentration of 6.7 x 104 particles/mL is required. Fig. 14 

(b) shows the trapping of several nanowires with the floating electrodes design. 

On top of the previous electrode device, we placed a PDMS chip with a single channel to 

orient the nanowires between the two electrodes (Fig. 15). The purpose of such design is to 

be able to detect electro-optic effects. Indeed, the bulk photovoltaic effect present in LiNbO3 

might be of interest to generate locally an electric field under laser illumination. As shown 

on Fig. 15 (b), it was possible to concentrate nanowires at the electrodes tip. 

 

 

Fig. 15. (a) Empty electrodes (gap = 2 μm width)(b) Electrodes with PDMS channel 
(indicated with dashed lines) to concentrate the nanowires at the tip. 

The last device we developed was to manipulate lithium niobate nanowires in a fluidic 

environment and monitor the second-harmonic generation (SHG) response using an 

optical trapping setup (Fig. 16 left). The conductive electrode pattern is interdigitated 

with specific spacing and width that were previously determined (Choi et al., 2006). The 

optical tweezer is generated with a specific polarization that is determined with a half 

wave plate and located outside of the fluidic region, close to either substrate. Therefore, 

the nanowire is not allowed to orient along the direction of propagation and it locates 

itself orthogonal to the beam. This polarization imparts a force to orient the nanowire. 

Furthermore, an external electric field is applied to the nanowires using the pattern of 

electrodes. This external electric field induces an additional electro-orientation force 

caused by the dielectrophoretic (DEP) response of the nanowires. Note that the torque on 

the nanowire due to the external electric field is almost ten times greater in magnitude 

than the torque on the nanowire due to the optical polarization of the laser for the particle 

orientation denoted above.  
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Fig. 16. Left: schematic of the setup for tweezing optically and electrically nanowires and 
detecting their SHG signal on a CCD after passing through filters to eliminate the incident 

light. Right: DEP response of a LiNbO3 nanowire suspended in 170 µS/cm conductivity de-
ionized water (a and b) without and (c and d) with an electric field of 10 Vpp at 150 kHz. (a) 
and (c) White light images; (b) and (d) SHG response (Reprinted with permission from 
(Grange et al., 2009). Copyright 2009, American Institute of Physics.) 

Fig. 16 shows white light images (a and c) of a nanowire suspended in deionised water. At 
time t=0, no electric field (Eelectrodes) is applied and the nanowire is only tweezed by the laser 
(Elaser) with a polarization parallel to the electrodes. Then a 10 Vpp electric field with a 
frequency of 150 kHz is applied and after 1 second, the wire is oriented along this electric 
field due to the stronger field than the one from the laser. Fig. 16 (b and d) shows the SHG 
response measured with and without the applied electric field.  
The nanowires are aligned with the field due to positive DEP forces. Increasing the 
conductivity of the suspension as well as changing the frequency of the applied electric field 
can change the type of DEP force on the nanowire which will result in the nanowire to not 
be aligned with the field. We notice the crossover conductivity between negative and 
positive DEP when the conductivity of the solution is around 170 μS/cm. The combination 
provided by the applied external electric field and the polarization of the laser beam serves 
useful for several measurements in the nanometer scale. For instance, an estimation of the 
conductivity near the nanowire may be obtained. This may be useful if there is a 
conductivity gradient in the sample. Moreover, the polarization dependency of the 
nanowire allows for the detection of its position. The SHG signal can then be useful for 
detecting smaller wires close to the diffraction limit of a bright field microscope. 

7. Conclusion and outlook 

We described how most common types of alkaline niobates nanowires, KNbO3, NaNbO3 
and LiNbO3 can be synthesized via hydrothermal or molten salt synthesis. We performed 
materials characterization to determine the composition of the end product of the synthesis 
as well as electron imaging to determine the aspect ratio of the three types of nanowires. As 
a further characterization step, we provided nonlinear optical measurements on single 
niobates nanowires with different setup geometries: transmission setup or optical tweezers. 
A SHG signal was measured for all types of nanowires as it is well known in similar non 
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centrosymmetric bulk materials and it was possible to vary the SHG intensity by changing 
the polarization. Observed nonlinear properties of alkaline niobate nanowires suggest that 
all three types of nanowires could be used as frequency converters, mechano-optical probes 
or logic components at the nanoscale. 
Then, plasmonics nanoshells were synthesized around KNbO3 nanowires. The thin gold 
layer serves, first, as enhancing the SHG signal through the plasmon resonance in the near 
infrared wavelength range of the excitation laser light. And secondly, it makes niobates 
nanowires compatible with biological entities and it can be an excellent starting point for 
further DNA or protein functionalization.  
Several applications are described and performed to best use the nanowires properties at the 
overlap between the micro- and the nanoscale. Nanowires are demonstrated as trapped 
SHG probes for localized illumination. Using the polarization dependency of the SHG signal 
allow us to determine the orientation of nanowires in optofluidics environment too. 
To conclude, applications using the alkaline niobates nanowires are only at the beginning 
and they are not yet using all the physical properties known for these perovskite materials. 
Therefore, there is room to improve the synthesis, for instance aspect ratio, to better know 
the physical properties and to be able to measure small signal as electro-optic effects on 
single nanowire. 
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