
10.675 LECTURE 4 

RICK RAJTER 

1. Today


Dirac Notation
→ 
→ Exploring PES 
→ Algorhythms for Geometry Optimization 
→ Zero Point Energies and Stat Mech. 

2. Concepts 

minima and transition states. 

3. PES ­ Potential Energy Surface 

C2H6).Example: Rotation of carbon­carbon bond in ethane (

In general, one can look at Eo as a function of any parameter. In this example, we

will use orientation.

3N ­ 6 degrees of freedom.
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BO approximation (atoms are fixed, nuclei mass is infinite). 

4. Method 

Hmethod Ψi = �iΨii 

Hmethod = −1 2 
�N Zk + V method 

i r1K 12 � −
Where V1 varies depending on the method we are using.

Examples of Methods: Molecular obital vs Density functional theory.

V method 

�N � ρ(rj) d� i
χmethod + V Cmethod = i �N

j=2 r�i−r�j 
rj + V i 

d�Where ρ(rj) rj is the mean field term. j=2 r�i−r�j 

Vi
χmethod exchange term (pauli exchange) 

V Cmethod correlation term. i � 
Use a trial basis set Ψi = cijgj�N � 

i H
method SOLVE Eo = 1 Ψ∗ 
i Φid�r+ Nuc ­ Nuc terms. 

5. Solving 

Need to find cij ’s which minimize Eo. Here’s the detailed method. 
1) Choose molecule nuclear positions + num of electrons 
2) Choose method 
3) Choose basis set 
4) Choose initial guess for c�ijs 
5) Solve Eigenvalue equation for new cij’s 
6) Is Eold − Enew < AT OL? 
7) If no, return to step 4 with new cij ’s 
7b) If yes, calculate the forces on the nuclei 
8) Is the force < forceAT OL? If yes, finished. 
9) If not, update geometry, goto step 4. 
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6. Details 

Eelec = V nucleous = E(�x) meaning the energy of the electron is dependent on theo 

potential of the nuclei. 
x = 3N = (R1x, R1y, R1z, R2x, R2y, ...)

In the geometry optimization, we want to minimize such that

dE/dx = 0or < AT OL.


txk+1) = Ek + �gk � (� xk) + 1/2(� xk)T β̄̄k(� xk)expand Ek+1(� xk+1 − � xk+1 − � xk+1 − �
Where: k is the step 
�tgk are the gradient forces 
¯̄βk is the Hessian Matrix. 

¯̄ ¯̄SCF gives us Eo, �g. Then, update βk and it’s inverse Hk 
dEk+1 = �gk+1gk + β̄̄k(�xk+1 − xk) = 0dxk+1 

P step size to move atoms to next position. 
Pk = �
→ 

xk+1 − vecxk = β̄̄−1�gk = Hk�gkk − 

¯̄7. updating βk 

Method⎛ ⎜⎜⎜⎜⎜⎜⎝ 

→ steepest descent. 
1 0 0 0 . . 
0 1 0 0 . . 

⎞ ⎟⎟⎟⎟⎟⎟⎠ 

¯̄ 0 0 1 0 . . 
0 0 0 1 . . 
. . . . . . 
. . . . . . 

β = c 

c=1 or = 1 
Newton’s Method 
¯̄β → calculated explicitly (great for transition states) 

HkHk−1 − Hk−1Δ� g T ¯̄¯̄ ¯̄ ¯̄ gkΔ�k Hk−1 
¯̄Δ�T Hk−1Δ�gk gk 


