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Autogenous pressure

Kalcinace
>500 ІC

ÖÏÌÎï ËÁÎÜÌÙȵ4ÅÍÐÌÜÔȰ
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N+
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8 B

Wagner, P., Yoshikawa, M., Lovallo, M., Tsuji, K., Tsapatsis, 
M. and Davis, M.E.: Chem. Commun., , 2179-2180 (1997) 
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12B
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|(H2O)42| [Al18P18O72]

Davis, M.E., Saldarriaga, C., Montes, C., Garces, J. and Crowder, C.:
Nature, 331, 698-699 (1988) 
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micela

C16H33(CH3)3N- OH (C16TMA OH)
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C16H33(CH3)3N- OH (C16TMA OH)
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hierarchickĨ zeolit



(ÉÅÒÁÒÃÈÉÃËï ÚÅÏÌÉÔÙ ɀÓÙÎÔïÚÁȡ ÂÏÔÔÏÍ ɀup strategie

Hard templating

Soft templating

Carbon NPs O2, 550ІC

Non-templating



(ÉÅÒÁÒÃÈÉÃËï ÚÅÏÌÉÔÙ ɀÓÙÎÔïÚÁȡ ÔÏÐ -down strategie

desilikace

dealuminace

,ÅÐÔÜÎþ ÆÌÕÏÒÉÄÙ



Leonowicz, M.E., Lawton, J.A., Lawton, S.L. and Rubin, M.K.: Science, 264, 1910-1913 (1994) 



Leonowicz, M.E., Lawton, J.A., Lawton, S.L. and Rubin, M.K.: Science, 264, 1910-1913 (1994) 

ÚÁÈĠÜÔþ
-H2O



ÚÁÈĠÜÔþ
-H2O

2Dprekurzor 3Dzeolit

MWW

Leonowicz, M.E., Lawton, J.A., Lawton, S.L. and Rubin, M.K.: Science, 264, 1910-1913 (1994) 



MCM-22-P

MCM-22

MCM-56

MCM-36



0ÉÌþĠÏÖÁÎĻ ÚÅÏÌÉÔ

6ÒÓÔÅÖÎÁÔĻ ÐÒÅËÕÒÚÏÒ

IEZ ɀÖÒÓÔÅÖÎÁÔĻ 
ÅØÐÁÎÄÏÖÁÎĻ ÚÅÏÌÉÔ

3D zeolit

$ÅÌÁÍÉÎÏÖÁÎĻ ÚÅÏÌÉÔ

ÚÜÈĠÅÖ

2D zeolites = Infinite possibilities for 
inter layer distances, orientation, 
connectivity, functionalization

LEGO CHEMISTRY

W. Roth



RŢzn® uspoŚ§d§n² vrstev

2D zeolitov® vrstvy

Roth WJ, Microporous Mesoporous Mater. 142 (2011) 32-46
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ȵÐÏÈÜÒÅËȰ
7.1 x 9B

ÎÁÓÔÁÖÉÔÅÌÎÜ ÖÚÄÜÌÅÎÏÓÔ

MWW
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Acetylizace 2-ÁÃÅÔÏÎÁÆÔÁÌÅÎÕ ÐÏÍÏÃþ ÐÒÏÐÙÌÅÎÇÌÙËÏÌÕ

6ĻÔñĿÅËȡ  )41-2 (63%) > MWW (20%) > BEA (5%) 
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.ÅÕÓÐÏĠÜÄÁÎĻȟ ÁÍÏÒÆÎþ



IPC-9
R10-R7

IPC-10
R12-R9







UTL

0ĳÖÏÄÎþ 
zeolit

-s4R -d4R6ÒÓÔÅÖÎÁÔĻ 
prekurzor

0ÏÓÕÎÕÔï ÖÒÓÔÖÙ

IPC-1P IPC-2 (OKO) IPC-4 (PCR) IPC-9 IPC-10

SAZ-1

SAZ-1P IPC-16 IPC-15

IWW

IPC-5P IPC-18

UOV

IPC-12

IWR

IPC-17



2D

3D

H2O2

60ІC

Trans-cyclodecene

Cyclodecene oxide

*Ȣ 0ĠÅÃÈȟ 0Ġ& 5Ëȟ ÄÉÓÅÒÔÁéÎþ ÐÒÜÃÅȟ ΤΡΣΨ



.ÁÎÏéÜÓÔÉÃÅ 0Ô @ MWW

Liu et al. Nat. Mater. 2017, 16, 132-138.



.ÁÎÏéÜÓÔÉÃÅ 0Ô @ MWW

C3H6 + H2 = C3H8

25ІC

C3H8 = H2 + C3H6

550ІC  

Liu et al. Nat. Mater. 2017, 16, 132-138.





MWW

3D

2D -ÌÁÍÅÌÁÒÎþ

2D -ÐÉÌþĠÏÖÁÎï
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2012 -2018

adsorpce ËÁÔÁÌĻÚÁ

QCh
ÖĻÐÏéÔÙ

ÖĻÐÏéÔÏÖï
metody

ÓÙÎÔïÚÁ

http://marmolata.gacr.cz/


3ÙÎÔïÚÁÎÏÖĻÃÈ2DÚÅÏÌÉÔĳȟÎÁÌÅÚÅÎþÎÏÖĻÃÈmetodÃþÌÅÎïÐĠþÐÒÁÖÙ.

0ÏÃÈÏÐÅÎþvztahu syntïÚÁ-struktura-vlastnosti.

:ÈÏÄÎÏÃÅÎþÁÄÓÏÒÐéÎþÃÈÖÌÁÓÔÎÏÓÔþÎÏÖñÐĠÉÐÒÁÖÅÎĻÃÈÍÁÔÅÒÉÜÌĳ.

:ÈÏÄÎÏÃÅÎþÐĠþÎÏÓÕ2D ÚÅÏÌÉÔĳke ËÁÔÁÌÙÔÉÃËïÍÕÚÐÒÁÃÏÖÜÎþ
ÌÉÇÎÏÃÅÌÕÏÓÏÖïbiomasya pod.

6ĻÖÏÊmetodologie ÔÅÏÒÅÔÉÃËïÈÏpopisu 2D ÚÅÏÌÉÔĳa interakce
ÊÅÄÎÏÔÌÉÖĻÃÈlamel.

6ÙÔÖÏĠÅÎþÐĠÅÄÓÔÁÖÙoÓÔÒÕËÔÕĠÅpovrchu lamelnaÁÔÏÍÜÒÎþĭÒÏÖÎÉ.

#þÌÅ ÐÒÏÊÅËÔÕ
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ÔÅÓÔÏÖÁÃþ ÍÏÌÅËÕÌÁ

ÓÐÅÃÉÆÉÃËÜ ÁÄÓÏÒÐÃÅ éÉ ÒÅÁËÔÉÖÉÔÁ

ÖÌÁÓÔÎÏÓÔÉ ÃÉÔÌÉÖï ÎÁ ËÏÏÒÄÉÎÁÃÉ

ÓÎÁÄÎÜ ÓÌÅÄÏÖÁÔÅÌÎÏÓÔ



)I ÓÐÅËÔÒÏÓËÏÐÉÅ

DR UV-vis spektroskopie

4ÅÐÌÏÔÎñ ÐÒÏÇÒÁÍÏÖÁÎï 
techniky

kalorimetrie

volumetrie

ËÁÔÁÌĻÚÁ
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#ÈÁÒÁËÔÅÒÉÚÁÃÅ ÁÄÓÏÒÐéÎþÃÈ ÃÅÎÔÅÒ 
ÔÅÓÔÏÖÁÃþ ÍÏÌÅËÕÌÁ

ÁÄÓÏÒÐéÎþ ÃÅÎÔÒÕÍ
te

p
lo
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b
ra

c
e

volumetrick§ aparatura + kalorimetr
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ÅÎÅÒÇÉþ ɉ64)2Ɋȟ ȢȢȢȢ
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Adsorpce CO

typ adsorpļn²ho centra

koordinace v povrchu

lok§ln² sloģen² povrchu

velice citliv® k povaze adsorpļn²ho 

centra a jeho okol² (ɜ, ɝHads)

st²snŊnĨ prostor strukturn²ho p·ru 

Efekty ze 

spodu

vliv st²snŊn®ho prostoru p·ru (efekty ze 

shora)

interakce s kysl²ky protŊjġ² stŊny

Efekty ze 

shora

interakce s druhĨm kationtem

mŢstkovĨ komplex

Nachtigallova et al. PCCP, 2006, 4849



Adsorpce CO

st²snŊnĨ prostor strukturn²ho p·ru 

Efekty ze 

spodu

Efekty ze 

shora

mŢstkovĨ komplex

velikost kationtu

vliv efektŢ ze shora

vliv efektŢ ze spodu

Nachtigallova et al. PCCP, 2006, 4849
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Dual sites character:

1. Cations at right distance from each other

cation Li+ Na+ K+

distance/A 5.5 6.5-7 7.5-8

2. The population of dual sites depends on:
cation size
Si/Al ratio
zeolite topology

3. Stability of bridged complex is higher than 
stability of single complex
about 3 -5 kJ/mol

4. Bridged complexes exist also for other zeolites
and combination of cations (het. dual sites)

CO/M+-FER
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