


Podivny cholesterobenzoat...

1888 — UK Praha - rakousky chemik Friedrich Reinitzer
e zkouma cholesterol, pozoruje jeho faze pod mikroskopem -> krystalicke zmén
° autor nalzvu _ OttO Lehmann Beitrige zar Keuntniss des Cholesterins
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Pameétni deska (aneb trocha patriotismu)

_ * Husova 5, Praha
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V této budové byvalé
Némecké university v Praze
objevil v roce 1888
prvni kapalny krystal

Prof. Friedrich
Reinitzer

(*25.2.1857, Praha - 1+16. 2.1927, Graz)

hat in diesem Gebaude
der Deutschen Universitat in
Prag im Jahre 1888 den ersten
flissigen Kristall erfunden



Cotoje?

e Kapalny krystal (KK)
= stav hmoty; 4. skupenstvi, prechodné mezi kapalinou a pevnou krystalickou
latkou
 tekuté vlastnosti - viskozita (~ kapalina)
e usporadané a orientované molekuly — parametr usporadani (~ krystal)
e organické materialy
* schopnost samousporadavani (self-assembly)
* typy:
* termotropni (T) a lyotropni (c)
* s nizkou molarni hmotnosti a makromolekularni

* |ze ménit/ridit strukturni, dielektrické a optické vlastnosti vnéjsimi
podminkami

* teplota, elektrické pole, magnetické pole, mech. pusobeni, ozarovani (UV a
jiné A\) apod.



Tvary molekul

* tyCinkovité

cH,0<O)-cH=-N~<O)-C,H,

a dalsi...

H17Cg

e zahnuteé

(ve tvaru bananu)



b Disc-like

Tvary molekul
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Stavba molekuly

Lateral substituents

W Flexible chains

Flexible chains - -

Linkage groups

WL1— Core units | —L,— Core units —LHW



Makromoleku

Main-chain polymer

arni KK

Side-chain polymers
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Side-chain elastomers



Termotropni KK
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smekticka nematicka
* 3-D lattice *1- (2-)D lattice e+ nolattice * no lattice
*|onentation * brientation ‘ slonentation * no orientation
*[solid Lui *[fluid _» fluid

% anisotropic % anisotfropic % anisotropic % #sotropic
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Nematic Phase

Structures of Calamitic Nematic and Smectic
Liquid Crystal Phases

(Plan and Side Views)

Orthogonal Phases

Tilted Phases
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Pro é 3 Na é P, Syntéza nového KK materialu

Viastnosti nového KK materialu? __

— X-ray studies

Mezomorfni DalsSi vliastnosti
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Polarizacni opticky mikroskop




A polarizing microscope is an optical microscope
composed of a detecteor, lenses and polarizing filters.
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A polarizing microscope is an optical microscope
composed of a detecteor, lenses and polarizing filters.
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A first filter selects a polarization, which means
a single orientation among all waves which compose light.
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A second polarizing filter selects a single orientation once again.
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When the two filters are perpendicular, no wave can go through anymore.
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A sample is positioned along the light beam. If it is birefringent,

it will split the light by polarization into two rays with different delays.

/
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For a thicker sample, transmitted waves are modified,
hence changing the interferences after the second filter and therefore the color of\the image .
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KK faze jak je (ne)vidime..

Pevna faze

Kapalna faze Nematicka faze o e

Smektikum A Smektikum C

= =
Cholestericka faze

KK faze jak je vidime v polarizacnim optickem mikroskopu

- I




Diferencia

* metoda termické analyzy

e pozorovani zmen vlastnosti latek pri ohrevu a chlazeni

ni skenovaci kalorimetrie (DSC)

* princip: mereni prisunu tepelné E tak, aby T\,orcu @ Trererenvzorku PYIY

stejné

|
]

T
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Fazové prechody — detekce pomoci DSC
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Fazove prechody — detekce pomoci DSC

Typical DSC of a Liquid Crystalline Material

AH approximatly 6 to 10 Times Larger Than

A

Melting Point ) )
Clearing Point

<

Crystal \ Liquid Crystal Liquid

Heatlng Onset Temperatures
Measures the Phase
Transition Temperature

Cooling Liquid Crystal

Transitions are
Reversible

g

Degree of Supercooling
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Comb-shaped LC Stereoregular Cyclolinear Methylsiloxane Copolymers
with Chiral Mesogenic Lactate Side Groups

Irina Petroval, Aleksej Gaj?, Alexej Bubnovs, Nataliya Makaroval™
INesmeyanov Institute of Organoelement compounds, RAS, Moscow, Russia
2Gymnazium Christiana Dopplera, 150 00 Prague, Czech Republic
3Institute of Physics, The Czech Academy of Sciences, Prague, Czech Republic

Recently first liquid crystalline (LC) comb-like stereoregular cyclolinear (CL) methylsiloxane copolymers (MSCP) with a certain
position and quantity of side mesogenic groups with the terminal lactate derivative have been obtained. It has also been stated that
the cycle of the main chain causes a change of the inter-chain distance and an increase of the order in the syndiotactic copolymer
[EHE AIM OF WORK is to determine the critical distance between the mesogenes providing the layer order formation, CL MSCP
with a different position and quantity of CH,=CH groups in the copolymer link and the hydrosilylation reaction with mesogene 4 in

the presence of Karstedt catalyst have been synthesized.

Preparation of cyclolinear organosiloxane copolymers: LC comb-like stereoregular CL MSSP (5-7) with mesogenic groups in
Me(Mes)SiO and MesSiO groupings have been obtained according to the scheme:
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The texture of the Is0-SmA* phase transition
on cooling at about 155°C. (Planar alignment;
cell thickness is 2jum; width of the
microphotograph is about 200 um).

The texture of the Iso-SmA* phase transition
on cooling taken at about 155°C. (Planar
alignment; cell thickness is Syum: width of the
microphotograph is about 200 jum).

Fig.1. Textures of the LC copolymer 5

The texture of the SmA* phase on cooling at
about 148°C. (Planar alignment; cell thickness
is 2um; width of the microphotograph is about
200 pm).

The texture of the SmA* phase on cooling
taken at about 135°C. (Planar alignment; cell
thickness is Spm: width of the
microphotograph is about 200 jm).

The texture of the SmC* phase on cooling
taken at about 110°C. (Planar alignment; cell
thickness is 2jum; width of the microphotograph
is about 200 um).

“The texture of the SmC* phase on cooling
taken at about 75°C. (Planar alignment; cell
thickness is Spm; widih of the
microphotograph is about 200 ym)
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Fig.2. Temperature dependences of the
interchain distance d, for LC copolymer 5 (a)
and 7Hb)-

Intensity / a.u.

Dataontho woand of iti f tho. I 5, Fig.3 X-ray diffraction pattern of LC copolymer 5
Ne m.p. c.p. Cr SmC* SmA* Iso at 100°C and 150°C.
Experimental:
Polymer Mesomorphic behavior: With all studied materials, sequence of phases and phase transition
5 24 161.2 . 0.8 . 124.2 . 154.6 . temperatures were determined on cooling from characteristic textures and their changes
observed in polarizing opical microscope. The LINKAM LTS E350 heating stage with
[+3.1] | [+1.6] [-3.5] [-0.2] [-3.1] ‘TMS-93 temperature programmer was used for the temperature control, which enabled
p within 0.1 K. The phase transition temperatures were checked by
6 339 *) . -15.0 . 60.7 . 116.5 . DSC (Pyris Diamond Perkin-Elmer 7) on cooling/heating runs at a rate of 5 Kmin-1 in a
[-0.9] [-0.04] nitrogen atmosphere.
small-angle X-ray diffraction experiments performed with Bruker D8 Discover system
7 *) 1449 . -14.3 . 69.5 . 136.9 . (CuKa line, Goebel mirror, Anton Paar DCS350 heating stage, scintillation counter)
- . ~ working in feflection mode, homeotropically aligned samples were prepared as thin film on
[+1.6] [14] [0.4] [15] a silicon wafer. Wide angle X-ray diffractograms were obtained with Bruker DB GADDS
system (CuKa line, Goebel mirror, point beam collimator, Vantec2000 area detector ).
Samples were prepared as dropletson heated surface.
Conclusions:
1. Adecrease in the content of mesogenic groups in the link from three [1] to one cyclolinear copolymer 6,7 leads to a decrease in the phase transition
temperatures. Authors greatly acknowledge the financial
2. Two mesogenic groups in the unit of copolymer 5 create conditions for the formation of the LC state and SmA* — SmC* transition with the layer order. ‘support from the research project CSF 16-

RefeiiehEesate in copolymer 6,7 with a distance between of mesogenic groups more than 9A is not formed.

1. 1.M. Petrova, M.A. Shcherbina, A.V. Bakirov, S.N. Chvalun, N.N. Makarova Mendeleev Commun. 23, 347(2013).

121505 from the Czech Science
Foundation, the Program of the Presidium
of the Russian Academy of Sciences
Development of Methodology of Organic
‘Synthesis and Creation of Compounds.



Syntéza

* mesogen (KK)

* polysiloxanovy retézec _

katalyzator - Pt
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Meéreni metodou DSC
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Meéreni metodou DSC

Name SmC* SmA* Iso

NN-1 +5.5 o +155.1 o +181.3 o
[-1.7] [-5.0]

NN-2 +4.9 ° +154.7 ° +181.9 °
[-0.8] [-5.1]

NN-3 +0.8 ° +124.2 ° +154.6 °
[-0.2] [-3.1]

NN-4 -15.0 . +60.7 . +116.5 .
[-0.9] [-0.04]

NN-5 -14.3 o +69.5 ° +136.9 °
[-0.4] [-1.5]
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K cemu je to dobré? (aneb aplikace)

e zobrazovace ruznych typu
e |ékarstvi — diagnostika nadoru

* regulace svetelné propustnosti (ochranné helmy, okna...)
* teploméry

e ...a mnhoho dalsiho ...
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Film

Interlayer Conductive
Film Liquid Crystal Coating
I l a Layer
Liquid Crystal

www.elmontglass.com NI www.elmontglass.com
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LCD helma pro absorbci svételného zareni

Q\

Ddza na léky s LCD zobrazovacem a alarmem

JORN' SNYTH
EENT DISPERVS

KK v pfirodé: perlorodky a brouci
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LC-based thermometer
showing the temperature
of the wine

S

Liquid crystal thermography used for
diagnostics in medicine
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LC thermometers
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Textile materials with liquid crystals
causing color change
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HUD
(heads-up display)

v automobilu (nikoliv LCD, ale projekce LED)

(Q7314NEES 3N

e

v plaveckych brylich pro zobrazeni
casu

v letadle
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Zdroje
* vysledky, prezentované na European Conference on LC (2017)

* |. Petrova, A. Gaj, D. Pochiecha, M. Shcherbina, N. N. Makarova, A. Bubnov
Design and self-assembling behaviour of comb-like stereoregular
cyclolinear methylsiloxane copolymers with chiral lactate groups
(odeslano do casopisu Liquid Crystals)

e prezentace - prof. J. Goodby, Velka Britanie
* prezentace - prof. R. Zentel, Némecko
* https://en.wikipedia.org/wiki/File:Polarizing microscope.ogv

e https://en.wikipedia.org/wiki/Polarized light microscopy

e http://www.wikiskripta.eu/w/Soubor:Cholesterol Crystals Synovial Fluid
Polarized Light.jpg

e http://www.chempoint.cz/kucerik-2
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http://www.wikiskripta.eu/w/Soubor:Cholesterol_Crystals_Synovial_Fluid_Polarized_Light.jpg
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