
Range of Molecular Mechanics and Quantum Methods:
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Investigation of Chemical Reactivity:

A reagent with the highest HOMO energy will give its electrons most easily
and thus be the most reactive donor.

A reagent with the lowest LUMO energy should be able to accept electrons
most easily and thus be the most reactive accepter.
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Acrolein/BF3: What is the role of Lewis Acids?
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Ester Enolate: Where is the reactive site ?
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Electrophilic Substitution of Indole; What should be favorite position for
electrophilic attack ?
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Stereochemistry of Nucleophilic Additions to Carbonyl Compounds:
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Nucleophilic Additions to Dioxanone Ring:
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Nucleophilic Additions to Dithianone Ring:
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Basis sets

 A basis set is a set of mathematical equations used to
represent the shapes of spaces (orbitals) occupied by
the electrons and their energies.

 Basis sets in common use have a simple mathematical
form for representing the radial distribution of
electron density.

 Most commonly used are Gaussian basis sets, which
approximate the better, but more complicated Slater-
Type orbitals (STO).



270

Dept of Applied Chemistry - UMZ

Slater-type orbitals (STO)
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BASIS-SETS

• Slaters (STO)

• Gaussians (GTO)

• Angular part *

• Better basis than 
Gaussians

• 2-el integrals hard

• :

• zz

• 2-el integrals simple

• Wrong behaviour at 
nucleus

• Decrease to fast with r

r)exp( 

 2nml rexp*zyx 
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• STOnG

• Split Valence: 
3-21G,4-31G,

6-31G

•Each atom optimized STO is 
fit with n GTO’s
•Minimum number of AO’s 
needed

•Contracted GTO’s 
optimized per atom

•Doubling of the number 
of valence AO’s
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Gauss View and Gaussian



275

Dept of Applied Chemistry - UMZ



276

Dept of Applied Chemistry - UMZ



277

Dept of Applied Chemistry - UMZ



278

Dept of Applied Chemistry - UMZ



279

Dept of Applied Chemistry - UMZ



280

Dept of Applied Chemistry - UMZ



281

Dept of Applied Chemistry - UMZ



282

Dept of Applied Chemistry - UMZ



283

Dept of Applied Chemistry - UMZ



284

Dept of Applied Chemistry - UMZ



285

Dept of Applied Chemistry - UMZ



286

Dept of Applied Chemistry - UMZ



287

Dept of Applied Chemistry - UMZ



288

Dept of Applied Chemistry - UMZ



289

Dept of Applied Chemistry - UMZ



290

Dept of Applied Chemistry - UMZ



291

Dept of Applied Chemistry - UMZ



292

Dept of Applied Chemistry - UMZ



293

Dept of Applied Chemistry - UMZ



294

Dept of Applied Chemistry - UMZ



295

Dept of Applied Chemistry - UMZ



296

Dept of Applied Chemistry - UMZ



297

Dept of Applied Chemistry - UMZ



298

Dept of Applied Chemistry - UMZ



299

Dept of Applied Chemistry - UMZ



300

Dept of Applied Chemistry - UMZ



301

Dept of Applied Chemistry - UMZ



302

Dept of Applied Chemistry - UMZ



303

Dept of Applied Chemistry - UMZ



304

Dept of Applied Chemistry - UMZ



305

Dept of Applied Chemistry - UMZ



306

Dept of Applied Chemistry - UMZ



307

Dept of Applied Chemistry - UMZ



308

Dept of Applied Chemistry - UMZ



309

Dept of Applied Chemistry - UMZ



310

Dept of Applied Chemistry - UMZ



311

Dept of Applied Chemistry - UMZ



312

Dept of Applied Chemistry - UMZ



313

Dept of Applied Chemistry - UMZ



314

Dept of Applied Chemistry - UMZ



315

Dept of Applied Chemistry - UMZ



316

Dept of Applied Chemistry - UMZ



317

Dept of Applied Chemistry - UMZ


