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Mezoporezni metalosilikatove, organosilikatove a
metalofosfatové materialy s vysokym mernym
povrchem

Sol-gelové metody - hydrolytické a nehydrolytickeé
polykondenzaéni reakce

Hybridni organosilikaty
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Sol-Gelovy proces

Roztok molekularniho
prekurzoru

1) Hydrolyza
2) Polykondenzace

Koloidni roztok

M-OR + HOH —— > ROH + M-OH

M-OR + HOH ——> ROH + M-OH Polymerni sit' - silikagel
M-OH + HO-M' <——== HOH + M-O-M' .

Mikro pod 2 nm

Meso 2 - 50 nm 3

2 M-OH +2 HO-M' <—*= M-O-M + M'-O-M'
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Nehydrolyticka sol-gelova metoda

Polykondenzace = eliminace malych molekul X-Z

(alkyl halogenidy, ethery, estery, alkeny,....)

M, M’ =
-monojaderné
(P, Si, AlLTIL Y, Zr, V, Nb, Mo, W, Fe, Zn, Sn,...)

* polyjaderné klastery
TigOg(O,CR)14, SigO20Rg, Al,P4015Rs
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Nove polykondenzacni reakce

Silicon acetates  —0O-C(O)CH; + R,N-M — -0O-M + R,N-C(O)CH,

+ metal amides _ _ - —
M=AI, Ti, Zr, Sn Acetamide elimination

L ICRIAIBENETE ~ ()CH .+ Me,SI—0—P — Si—O—PutMesSI@=6(O)CH:
+ silyl esters
Silylester elimination

Silicon acetates
EROMBNENOIS™ i 1 (0)CH, + HO-C —> Si—0~C + HO=C(O)CH,
Acetic acid elimination

Silyl esters
+ metal amides p_g_gjMe, + R,N-Al — P—O-Al + R,N-SiMe,
Silylamine elimination

A. Styskalik, D. Skoda, C. E. Barnes, J. Pinkas The Power of Non-Hydrolytic 5
Sol-Gel Chemistry: A Review. Catalysts (MDPI) 2017, 7, 168



Polykondenzace s eliminaci HOAcC

CH3 \\O/O



Molekularni Organosilikofosfaty

6 Ph,Si(OAc), + 4 OP(OSiMe,); = Ph,,Sic0;P, + 12 Me,SiOAC

A. Styskalik, M. Babiak, P. Machac, B. Relichova,
J. Pinkas* Inorg. Chem. 2017, 56, 10699-10705
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Charakterizace

Adsorpce-desorpce dusiku, argonu, oxidu uhlic¢itého a vodni pary
Porozita - velikost poru

Mérny povrch

Tvar poru
Katalytické viastnosti

Si(OAc), xerogel

N, adsorption at 77.4 K
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Desorption Type-IV isotherm
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H2 hysteresis
BET 990 m2 g
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Avg. pore size 3.51 nm
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Charakterizace

Termogravimetrie a diferencni skenovaci kalorimetrie
« Termicka stabilita

« Krystalizace
* Unikajici plyny

TG/DSC curve 5 K/min

-0OAc elimination

aromatics burning |§ ;|EFH

63,

Good thermal stability
up to 500 °C Air
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Charakterizace

NMR spektroskopie v pevné fazi
 Chemicky odlisné atomy
 Koordinacni Cislo
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Charakterizace
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Surface areas: 326—615 m2 g1
Pore diam: 2.6=7.4 nm

TEM - transmisni elektronova mikroskopie
* Velikost pori
« Tvar castic a poru
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TEM Tomografie

3D model reconstruction

Wormhole® type porosity

3D rendering of a reconstructed tomogram of zirconosilicate xerogel
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DRUV-Vis
spectra
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U The best catalyst
N templated, calcined, ~10 % Ti
200 250 300 350 400 450 500 550 600 ConverSion 96 %’
wavelenght (nm) 0 ..
>99 % selectivity (no alcohols)

Epoxidation

—>




\\
P

o Ny

\
a \

5
23]
ri
=

> <

P a /\\

P i

che
\\\

By

as

pink

J

X

\

\i\ Kon




