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MLatom: molekulová dynamika excitovaných stavů
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(c) J. Čı́žek (d) J. Paldus
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1 Co je to fyzikálnı́ chemie?
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Co zkoumá kvantová chemie?

Molekula
“Elektricky neutrálnı́ částice vzniklá sloučenı́m dvou nebo vı́ce atomů či iontů;
základnı́ stavebnı́ jednotka sloučenin, ale i mnohých prvků.”

Atom
“Nejmenšı́ částice hmoty, kterou již chemickými prostředky dále nelze dělit a
která rozhoduje o vlastnostech daného chemického prvku.”
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která rozhoduje o vlastnostech daného chemického prvku.”
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Kvantová mechanika

• Dualita částice a vlněnı́ = dvouštěrbinový experiment

• Heisenbergovy relace neurčitosti

∆x∆p ≥ ℏ
2

• Kvantovánı́ energie
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Kvantová mechanika
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• Heisenbergovy relace neurčitosti
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Kvantová mechanika
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Kvantová mechanika

“I think I can safely say that nobody understands quantum mechanics.”

— Richard Feynman

• Kodaňská interpretace jednou větou:

“Shut up and calculate!”

— N. David Mermin
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Schrödingerova rovnice

Systém N elektronů a M jader
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∂
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i
∂

∂t
Ψ = ĤΨ
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ĤΨ = EΨ

Ψ = Ψ({ri}, {RA})
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Operátory

Â : f → g

f = eαx

Â = x B̂ =
d

dx

Âf = Âeαx = xeαx = xf︸︷︷︸
g

B̂f = B̂eαx =
d

dx
eαx = αeαx = αf︸︷︷︸

g

ĤΨ = EΨ
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Â : f → g

f = eαx
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Operátory
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Metody řešenı́ Schrödingerovy rovnice
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ĤΨ = EΨ
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Praktické výstupy kvantové chemie

• Elektronová struktura
• Vlastnosti molekul
• Rovnovážná struktura molekul
• Elektronová hustota

• Vysvětlenı́ reakčnı́ch mechanismů
• Energetický průběh reakce
• Katalýza a syntéza
• Metabolické dráhy

• Spektroskopie
• Predikce spekter
• Chemická analýza
• Materiálová charakterizace

• Teoretické predikce
• Hledánı́ vhodných vlastnostı́
• Design a screening materiálů
• Vývoj léčiv
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Praktické výstupy kvantové chemie

“We can calculate everything!”

— Enrico Clementi
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J. Martinka (ÚFCh JH, AV ČR) Co je to kvantová chemie? 26. 10. 2023 13 / 30



AI v kontextu kvantové chemie
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Umělá inteligence: Strojové učenı́
1997: Garry Kasparov (elo: 2820) vs. Deep Blue

2019: AlphaZero vs. StockFish (elo: 3600)
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AI v kontextu kvantové chemie

1 Co je to fyzikálnı́ chemie?

2 Co je to kvantová chemie?

3 Umělá inteligence: Strojové učenı́

4 Přı́klady:
FermiNet: strojové učenı́ v kvantové chemii
AlphaFold: predikce 3D struktury proteinů
MLatom: molekulová dynamika excitovaných stavů
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AlphaFold: predikce 3D struktury proteinů

Levinthalův paradox

Nalezenı́ nativnı́ struktury proteinu ve složeném stavu pomocı́ náhodného
hledánı́ může trvat přı́liš dlouhý čas kvůli velkému počtu možných konfiguracı́.

Nalezenı́ globálnı́ho minima potenciálové funkce je NP-úplný problém, proteiny
se však sbaluj́ı v polynomiálnı́m čase.

Anfinsenovo dogma

“The native conformation is determined by the totality of interatomic
interactions and hence by the amino acid sequence, in a given environment.”

— Christian B. Anfinsen

J. Martinka (ÚFCh JH, AV ČR) Přı́klady: AlphaFold: predikce 3D struktury proteinů 26. 10. 2023 21 / 30
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Anfinsenovo dogma

“The native conformation is determined by the totality of interatomic
interactions and hence by the amino acid sequence, in a given environment.”

— Christian B. Anfinsen
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Prostor pro dotazy
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