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tailored

nanomaterials

tailored morphological structures:

nanowires, nanopillars, nanoparticles

Si nanowires

Si nanopillars
Au nanoparticles

tailored microstructures:

porous, core/shell, bicontinous

tailored defect-structures:

points defects, disordered layer

Mesoporous Si pillars

Nanoporous

Au nanoparticles

Au/Ni sandwich

nanoparticle

Hydrogenated (black) TiO2

N-doped TiO2/porous Si core/shell pillars

Defect engineering:

 Photocatalysis

 plasmonics

 Magnetic materials (HEA, MAX)

(e-mobility) 
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Tailored Nanomaterials

(plasmonics, sensors, batteries, diagnosis, therapy, water splitting, photocatalysis)

1. Nanopillars

- Nanopillar arrays

- Nanoporous nanopillars

2. Nanocomposites

- White – Grey - Black-TiO2

- Nanocoated nanopillars

3. Nanoparticles

- Nanoparticles (Au)

- Alloy nanoparticles

- Nanoporous nanoparticles
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Titania TiO
2:

Many applications

Environmental

Energy

Electric 
appliance 

Water 
purification

Exterior, 
Interior

Roads,
Agriculture

Offset 
printing

Air 
purification

Medical

Water 
splitting

Energy 
conversion

Car 
production

TiO2
o Wide band gap (3.05- 3.2 eV)

o Low conductivity

o Electron-hole recombination

Solution? Defects!:
 N, H Doping 

 Ti4+ reduction 

 Defect engineering
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eMS: ISOLDE

Figure: 57Fe Emission Mössbauer spectra obtained at θE = 60° after 

implantation of 57Mn into rutile TiO2 single crystal held at the 

temperatures indicated. (a) Displays the series of spectra and in (b) an 

amplified view of the wings of the spectra.

Palle Gunnlaugson et al.

JPhysD 2014
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Hydrogenated TiO
2

Y. Yan, PS, et al.; J. Mater. Chem. A, 2014, 2, 12708

H
2

plasma treatment

Pristine-TiO
2

H-TiO
2

X without plasma

TiO
2

with H
2

annealing

Plasma treatment

(~150 
o
C, 30 s ~ 20 min)



UV-visible absorption spectra (UV-vis)
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H-TiO2 with different hydrogenation degrees



Methylene blue (MB) degradation Conversion of CO
2

with H
2
O

Photocatalytic activity: 

Slightly H-TiO
2

>   Pristine-TiO
2

>   Highly H-TiO
2

Pollutants CO
2
, H

2
O CO

2 
+ H

2
O CO, CH

4
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Photocatalytic performance of H-TiO2 samples



Transmission electron microscopy (TEM)
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Disordered layer in H-TiO2 samples
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Reactive sites in H-TiO
2

samples EPR electron paramagnetic resonance
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Powders Thin films (+57Fe doped)

TiO2+ H2 Plasma
 Fe2+ HS

 G.P. Zones / metastable θ-

phase / disordered phase

CEMS @ TU Ilmenau

Black TiO
2                    Prepared as thin films, doped with 57Fe and hydrogenated
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eMS @ ISOLDE

TiO2 sputtered thin films

+ mild plasma treatment

at various T (RT-573 K)

XRD: No alteration    XPS: Ti4+  Ti3+  Ti2+

XPS
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eMS @ ISOLDE

TiO2:Hydogen Plasma @ RT

Fe2+ Ti4+

Due to imbalance pristine-like Ti4+ is changing its state 

into Ti3+ or Ti2+, depending on neighbours

• Two sites

• (D1) Fe2+

with typical 𝛿 = 0.9 mm/s and ΔEQ = 2.18 mm/s

• (SL) Fe 2+/3+

with  𝛿 = 0.73 mm/s 

no presence of Fe 3+  like in pristine samples
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eMS

More Ti-OH bonds created

accompanied with hydrogen

doping

a) SL dominates longer

b) H serves as an electron donor 

TiO2:Hydrogen plasma @ 573 K

Ab-intio simulations

are being under way
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eMS

@ ISOLDE

Component D1 SL

Sample TiO2:H-RT TiO2:H-300 TiO2:H-RT TiO2:H-300

𝛿 (mm/s) 0.90 0.91 0.73 0.87

ΔEQ (mm/s) 2.18 2.19 - -

QS

fi



Conclusions
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 Presence of Ti
2+

and Ti
3+

, Ti-OH and V
o

observed, they have a positive impact on

UV absorption;

 At 300
o
C ratio of such defect increases remarkably, especially the amount of Ti-

OH bonds;

 TDPAC reveals the increase in the ω
Q

and η esp. after 663 K, where both

fractions change ratio, and evident decreasing of frequencies and asymmetry

takes place.

 Neither magnetism nor even Fe
3+

, state have been spotted. Last could be due to

huge amount of electron donors, and hydrogen which start to leave and

dissociate at ~ 250
o
C.

 Presence of trap sites may in turn hinder hydrogen from leaving, that could be

related to a pronounced collapsing of doublet on emission spectra.
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New eMössbauer setup for ISOLDE from Ilmenau: eMIL

Source/Absor

ber

ISOLDE/CERN „Sun Light“

In situ Mössbauer System

photo-

catalytical

materials

nano-

com-

posites

Detect

or
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