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Vedecka revoluce 17-tého stoleti

e Autorita neni dukaz
e Tradice neni dukaz
o selsky rozum® neni dukaz

* Filosoficka spekulace neni dukaz

Pouze namerena data ziskana kritickym
pozorovanim
nebo experimentalne mohou
dokazat nebo vyvratit vedeckou teori

22222 denék Remes



Galileo Galilei (1564 — 1642)

- Rychlost svetla

Pro¢ Galileo nebyl schopen zmérit rychlost svétla?

Zdenék Remes 4



Duha = slunecni spektrum
—
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Jan Marek Marci: Thaumantias. Liber de arcu | T
coelesti deque colorum apparentium natura, ortu "
et causis (Praha, 1648)

Spektroskopicka spole¢nost Jana Marka Marci
http://www.spektroskopie.cz
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Isaac Newton (1642 — 1727) ?*\

F

Newtonova teorie barev (17/04) 4

Equilateral Dispersing Prism
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William Herschel (1738 — 1822) :
InfraCervené svétlo %
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Spektroskopie 19-tého stoleti
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T=5500K

Gustav Kirchhoff (1824 — 1887) a
J
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1. Horké teleso vytvari svetlo se spojitym
/o, spektrem. Kirchhoff zaved| termin
[ ressoox N zareni Cerneého telesa.

T=4500K

£ el 2. Plasma produkuje svetlo se
, , spektralnimi Carami na diskrétnich
Detektory 19-teho stolet vinovych délkach, které zavisi na druhu

« oko ? eI

. teplomér atomu v plynu. (emisni spektrum)

» fotograficka deska 3. Horké t&leso, obklopené chladnéjsim
Problémy v IC plynem, vytvafi svétlo s téméF

kontinualnim spektrem, které ma temné
cary pfi specifickych vinovych délkach v
2. Nizka citlivost detektoru zavislosti druhu atom0 v plynu.

3. H,0, CO, (absorpcni spektrum)

1. Zdroje nizke intenzity
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Sifeni svétla v periodickych strukturach
Fotonické krystaly

SEM image at angle: 45°: nano-pillars
¢=220 nm, gap 100 nm

Ondic et al., Effective Extraction of Photoluminescence from a Diamond Layer with
a Photonic Crystal, ACS Nano, 2011, 5 (1), pp 346-350
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Inductively Coupled Plasma
(ICP)

13.56 MHz, 300W

Controlled evaporation & mixing
Process gasses: N,, Ar, O,, NH;
,liquid droplets”

Heated substrate

Rotating cylinder for powder
samples

Unknown recipe
Unknown step




DC Magnetron
Sputtering

Background pressure 1mPa

Plasma pressure 1 Pa

Heated Cu stage up to 400°C

Ar purity (99,999%), flow rate 2 sccm

Target 400-500V, 0.14 A

Reactive sputtering of Zn in Ar/O2
plasma

* the reactive mixture of Ar and O2
(purity 99.95%)

« flow rate 2.0 and 0.5 sccm

 Intrinsic (resitive) layer
Sputtering of ZnO:Al target

« Typ. growth rate 20 nm/min

« doped (conductive) layer




hydrothermal grow: hexamethylenetetramine (HMTA) + zinc nitrate hexahydrat :

__—DOptical fiber

Zn(NO,), - 6H,0  CH.N,

S=-—~Quartz ube '
——Sample Conroller

Schematic drawing of the processing steps for preparation of the nutrient solution including mixing (a),
heating and stirring (b) and supplementary filtration (c), and further growth of ZnO nanorods without

and with UV irradiation (d).

low temperature process (T<100 °C)
simple equipment
catalyst-free growth

low cost
deposition up to 7 x 7 mm’
environmental friendly & less hazardous

1].N. Neykova, J. Stuchlik, K. Hruska, A. Poruba,

Z. Remes and O. Pop-Georgievski, Study of the
surface properties of ZnO nanocolumns used for thin-
film solar cells, Beilstein J. Nanotechnol. 2017, 8, 446—
451. doi:10.3762/bjnano.8.48

2] N. Neykova, Y.-Y. Chang, M. Buryi, M. Davydova, R.
Kucerkova, D. Simek, Z. Remes, O. Pop-Georgievski, Scanning electron micrographs of ZnO sputtered seeding layer in top

Study of ZnO nanorods grown under UV irradiation, view (a) and cross section view (d) and ZnO NR'’s grown with (b,e) and
Applied Surface Science, submitted without UV irradiation (c,f) in top and cross section view. Scale: 500 nm




Ellipsoidal cavity resonator

Focused MWCVD plasma reactor
- Antenna ‘I

'——

Quartz Bell Jar

Pyrometer ‘

Ellipsoidal
Resonator

MW Plasma

Substrate

Substrate holder

Substrate

Wistes

Si/Si0O, substrate

Ultrasoree bath
200 nm  EMT = 1500 kV WO = 5 mm Mag = 200,00 KX Sgnal A = InLery,




Optical absorption spectroscopy

Monochromator

InGaAs

Reflectance
Indeex of refraction

Photon Energy (eV) Photon Energy (eV)




DC current hydrogenated ZnO thin film degradation

Reflectance, Absorptance

Photon Energy (eV)
Zn0: 100 nm
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Higher free electron conc. after hydrog
=> more efficient H diffusion in thin film

No thin film thickness changes after degradation
Optical absorp. edge at 3.3 eV (UV band gap @ 37(

Deep defects conc. increased after degradation
-dominant defect at 2.3 eV (green @ 540 nm)

Free electron conc. decreased after degradation
=> degradation of electronic properties
=> increase of the electrical resistivity



Reflectance of TF

1. p-Reflectance spectra
400-1000nm measured in B _
optical microscope (20x) L/ :
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2. 150 nm a-Si:H

3. Interference fringes
phase change
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PbS thickness ~ 35 nm




IR Source Mirror

Beamsplitter

Mirror
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Basic rule of IR absorption

 Vibrations = stretching and bending movements of
atoms in the molecules relative to each other by
varying bond lengths (stretching) or bond angle
(bending)

 Infrared absorption = The interactions of IR with matter
may be changing molecular dipoles associated with
vibrations and rotations.

* The electric dipole moment of the molecule must
change during the vibration to absorb IR light

» IR Non-absorbing: O,, H,, N,, Si, C
» IR Absorbing: H,O, CO,, CH,

2014 Zdenék Remes 19



Molecular vibration examples

Table 1.1 Degrees of freedom for polyatomic molecules. From
Stuart, B., Modern Infrared Spectroscopy, ACOL Series, Wiley,
Chichester, UK, 1996. © University of Greenwich, and repro-
duced by permission of the University of Greenwich

Type of degrees of freedom Linear Non-linear

Translational 3
Rotational 2
Vibrational 3N -5
Total 3N

1. The Symmetric Stretch at 3685 cm
2. The Asymmetric Stretch at 3506 cm1)
3. Bend at 1885 cm?

degrees of freedom 3*N-6 = 3*3-6 = 3



Applications of the Infrared
spectroscopy

Commercial accessories for solid, liquid and gas samples
Existing spectra databases

Analysis of fuel and lubricants, polymers, proteins, gases
kinetics of chemical reactions (ms resolution)

study of phonons, defects, donors and acceptors

Our applications: Qualitative analysis of functionalized

surfaces and functionalized nanoparticles



Approach to modelling of
vibrations of functional groups

e take care when using IR data tables or data for isolated
molecules for interpreting spectra of funcionalized surfaces

e The shift of the functional group vibrations to higher
frequencies with the surface coverage (Dynamic Dipole Effect)

¢ the effect of surface orientation and morphology

e more experimental information (XPS, HRTEM, chemical
treatment,) is needed to guess structures

Vit Jirasek, Halyna Kozak, and Zdenék Remes
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ATR & GAR FTIR

rmerts buts svalable @ 5o Verase Sciercalirect

Applied Surface Science

curnal hamepage: www vinr.comil

Diamond-coated ATR prism for infrared absorption spectroscopy of
surface-modihed diamond nanoparticles
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Diamond & Related Materials
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Srazing angle reflectance spectroscopy of organic monelayers on nanocrys
diamond films

LA Kromka

Nanostructured Diamond Layers Enhance the Infrared Spectroscopy
of Biomolecules

Halyna Kozak," Oleg Babchenko, Anna Artemenko, Egor Ukraintsev, Zdenck Remes, Bohuslay Rezek,
and Alexander Kromka

Institute of o5 of the ASCR, Prague, Caech Repablic
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