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“The  underlying  physical laws
necessary for the mathematical theory
of a large part of physics and the
whole of chemistry are thus completely
known, and the difficulty is only that the
exact application of these laws leads to

equations much too complicated to
be soluble.” — Paul Dirac, 1929.




“It therefore becomes desirable that
approximate practical methods of
applying quantum mechanics should
be developed, which can lead to an
explanation of the main features of
complex atomic systems without too
much computation.” — Paul Dirac, 1929




Computational chemistry models

model

size (heavy atoms)

ab initio

density functional theory
semi-empirical

molecular mechanics

6-1000
100-1000
1000-10000
10000-300000




Structure

-157.026750 Hartree -157.027837 Hartree

Free energy at 298K and 1 atm calculated at BMK/6-31+G(d,p)




E (Hartree)
0.20¢




!-..,_']

<
-
D_E
o
=
9
—
(O
| -
(0
(=}
1h]
w
et
QO
=
o
=
o

—
o

reactant sebaraticn, Rgc 1A

http://www.dur.ac.uk/eckart.wrede/QCT/PES_lin.gif
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http://www.bbc.co.uk/wear/content/images/2009/01/07/himalayas_2815_470x353. jpg




high-energy high-elnergy
region region

transition
state

low-energy region

http://www.chemgapedia.de/vsengine/media/vsc/en/ch/12/oc/substitution/sn_2/uebergangszustand/

berg_tal.gif




Second Order Saddle Point

Transition
Structure B
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http://www.chem.wayne.edu/ "hbs/chm6440/PES.gif
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PES

(b)

-523.4372 -E29.422 -B29.4271 -628.8200 -528.8133 5282067 00a
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backbone dihedral

BU 0 60 N ; 3 &0 80 120
ring dihedral ring dihedral

Range, K.; Ayala, I.; York, D.; Barry, B. A. J. Phys. Chem. B 2006, 110, 10970-10981
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http://gold.cchem.berkeley.edu/Pictures_and_Images/rugged.gif
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Properties

NMR, EPR

rotational (microwave) spectra
vibrational (IR) spectra
electronic (UV-vis) spectra
total energy

enthalpy, free energy
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Properties

rate constants
equilibrium constants
AI'Xl’lG

pK,
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Properties

bond order

aromaticity

atomic partial charges
local hardness/softness
Fukui function

nucleophilicity /electrophilicity
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Digital computer

Monitor

Keyboard
Mouse

Network
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Big O notation

FIN) € O(g(N)) < IM : f(N)= M-g(N)asN — oo



Big O notation
F(N) € O(g(N)) < IM : f(N) = M-g(N)asN — oo
O(N?)

size time
100 1




Big O notation

FIN) € O(g(N)) < IM : f(N)= M-g(N)asN — oo

CNJV5)
size time

0[O
200 32




Big O notation

FIN) € O(g(N)) < IM : f(N)= M-g(N)asN — oo

CNJV5)
size time
100 1

200 32
400 1024




Big O notation

FIN) € O(g(N)) < IM : f(N)= M-g(N)asN — oo

O(N 5)
size time
100 1
200 32
400 1024
300 32768




Big O notation

FIN) € O(g(N)) < IM : f(N)= M-g(N)asN — oo

O(N 5)
size time
100 1
200 32
400 1024
800 32768*

*If 100 = 1 hour, 800 = almost 4 years.
If 100 =1 GB, 800 =32 TB
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