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Prehled

H 1. Projekt I: NMR krystalografie metergolinu (44 x 5 x 20 A)
M Test 'H-13C HETCOR experiment(, 3C-13C INADEQUATE
H Rafinace struktury ss-NMR a XRPD
B NMR-CASTEP vypocty

H 2. Projekt Il: NMR krystalografie metallocarboran-PEO (12 x 14 x 17 A)
H Priprava [Co bis(dicarbollide)-PEO] complexu
M Primarni data: XRPD, '3C CP/MAS NMR, ''B,23Na MAS NMR
H Segmentova dynamika: 'H-3C LGCP a 'H-''B VCT experimenty
H Lokalizace NaCoD: 'H-'3C,''B,23Na HETCOR experiments
H Pocet krystalografikych mist: ''B(23Na) MQ/MAS NMR
H "B MQ/MAS NMR a '"B-"'B spin-exchange experimenty

H Rafinace struktury ss-NMR a WAXS




Zakladni experimentalni koncept

NMR crystallography

X-ray Powder Diffraction

structural fragments

ss-NMR Spectroscopy

process of structure refinement
Molecular Modeling

Refined 3D structure (segmental
dynamics), periodic molecular
arrangement and supramolecular

architecture

y

Applica

# Finding relations between molecular structure, and physicochemical properties (bioavailability) of...

@ ...inorganic framework solids (zeolites)...

| ..powdered crystalline pharmaceutical (organic) solids...

| ...polymer systems - pharmaceuticals based on solid solution and solid dispersions of APl in polymer matrix... etc.

1. Projekt metergoline: testy metodiky - Forma |

'3C CP/MAS NMR .
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Upre

ni struktury z netplnych dat

ss-NMR, XRPD
and CASTEP-NMR

Refined XRPD structure
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a = 44.5784(7) a=90
b = 4.86950(7) B= 99.2298(8)
€=20.33592(33)  y=90

2. Projekt tuhé disperze polymer-lécivo

Alternative formulations Biopharmaceutical classification

system
Solid solutions polymer-API
(amorphous-amorphous)

250 500 1000 10.000  100.000
Solubility enhancement

Partice size reduction, soluble sat, soid
Il dispersion, self emusifying system, addtion
of surfactants, nanopartckes, cyclodextin
complexes, pH adjustment, safing in

Lipophilic

Gl Permeability

Absorption enhancing,
effiux inhibitors, fpid
filed  capsules, Gl
motiity consideration

Solid dispersions polymer-API
(amorphous-crystalline)

Hydrophilic
Dose: Solubility Ratio (ml)

Dissolution profile

APl-polymer
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2. Projekt tuhé disperze polymer-lécivo: p

Spontaneous precipitation of sodium [3-
cobalt(lll) bis(1,2-dicarbollide)], NaCoD,
with poly- (ethylene oxide), PEO, in salted

aqueous solutions. ) .
Solid solution of

NaCoD in PEO

Factors leading to the formation of the complex
NaCoD-PEO:

formation of dihydrogen bonds between
negatively charged H-B atoms of CoD- clusters
and and slightly positively charged H atoms of
PEO

i

Interaction between alkaline cations with
oxygen atoms of PEO

>

23

PEO + H,0

B Matejicek Pavel; Zednik Jiri; Uselova Katerina; et al. et al. , Stimuli-Responsive Nanoparticles Based on Interaction of Metallacarborane with

Poly(ethylene oxide) , Macromolecules 42, 4829 (2009).

riprava

Metallocrborane
(NaCoD) - PEO

[3-cobalt(lll) bis(1,2-dicarbollide)](-1)
NaCoD

2. Projekt tuhé disperze polymer-lécivo:

Crystal structure of PEO

XRPD
(WAXS)

NaCoD-PEO
komplexu

WAXS

Crystal structure of NaCoD
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2. Projekt tuhé disperze polymer-lécivo: ss-NMR

13C CP/MAS NMR XRPD
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d)
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B Broad '3C CP/MAS NMR signal of crystalline PEO as well as narrow signal of amorphous PEO disappeared; new signals of PEO appeared at low-frequency
region; '3C CP/MAS and "B MAS NMR signals of CoD- significantly narrowed, while 2Na MAS NMR signal is broadened and shifted to low-frequency
region when forming PEO/NaCoD composite: PEO as well as NaCoD undergo mutual self-organization; changes in segmental dynamics can be expected.

2. Projekt tuhé disperze polymer-lécivo: dynamika
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M Significant increase in H-'3C dipolar couplings of PEO segments was detected in NaCoD/PEO complex, while the dipolar couplings of CH units of CoD-
clusters dramatically decrease; 'H-''B cross-polarization rate constant is shortest for BH10 units on the top of both hemispheres: uniaxial rotation or 5-
fold jump along B10-B’10 axis is indicated.




2. Projekt tuhé disperze polymer-lécivo: domény? PEO
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2. Projekt tuhé disperze polymer-lécivo: lokalizace Na*
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2. Projekt tuhé disperze polymer-lécivo: interakce PEO-NaCoD
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2. Projekt tuhé disperze polymer-lécivo: struktura z WAXS

1B MQ/MAS NMR
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Refined Structure
Monoclinic cell unit

~ a=11.578 A

- b = 14.088 A
R

f c=16.998 A

& ~ B=96.21°

10 reflections

B Pavel Matejicek, Jiri Brus et al. ,On the Structure of Polymeric Composite of Metallacarborane with Poly(ethylene oxide), Macromolecules 44, 3847

(2011); DOI: 10.1021/ma200502t
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Sodium metallocarborane NaCoD

B6-B10

M At 25 kHz in 3.2 mm probehead using a standard three-pulse sequence with 1H decoupling during both evolution period the off-diagonal signals

correlating non-equivalent 11B atoms (2.5 A) are fully developed after 100 ms. Autocorrelation signals evolve 3

H  Spin-exchange between directly bonded boron atoms is completed within 10-25 ms. In some case additional signal build-up was detected.

Perspektivy "B NMR krystalog
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Incorporating a spin-exchange period after the triple-quantum pulse sequence the resolution of the '1B-'"B correlation spectrum is enhanced. No
autocorrelation signals evolve.
The most suitable representation of MQ/MAS spin-exchange correlation experiments is provided by the recently developed biaxially sheared spectra.
These spectra allow for a clear separation correlation signals.




Summary

Upresnéni struktury z neuplnych dat
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[Co bis(dicarbollide)-PEO] complex

Global architecture of polymeric composite
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