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Making INPUT 1 
• First lines are input of method and basis set 

• #P HF/STO-3G pop=reg 

• Empty line 

• Title of the calculation: Anything is OK 

• Empty line 

• Charge and spin multiplicity: usually we 
consider neutral molecule so charge 0, 
multiplicity is number of unpaired electrons 
+1, usually we consider filled electron so 1 
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Making INPUT 2 

• Then define the molecule either using XYZ or 
Z-matrix input 

 

 

 

 

 

 

• Then end with one blank line 

O1 
O2    1,   RO1O2 
H3,   2,   RO2H3,   1,   AO1O2H3 
H4,   1,   RO1H4,   2,   AO2O1H4,    3,   DH3O2O1H4 
 
 RO1O2=1.50845307 
 RO2H3=0.97 
 RO1H4=0.97 
 AO1O2H3=110.0 
 AO2O1H4=110.0 
 DH3O2O1H4=109. 

O1 0.000000    0.754227   -0.058812 
O2 0.000000   -0.754227   -0.058812 
H3 -0.742068   -1.085986    0.470499 
H4 0.742068    1.085986    0.470499 
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Review 

• Last week we did diatomic molecules with 
only on bond so we only have to think about 
forming a bond or breaking that bond 

• Today we will consider something more 
complex molecules  

• Then we will make and break a bond a the 
same time  REACTION 
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Water Molecule  
Potential Energy Curve 
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Water Molecule: Stretch Stretch 
Potential Energy Surface 
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Water Molecule: Stretch Bend 
Potential Energy Surface 
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Normal Mode Vibration 
First we consider mass –weight Cartesian Coordinates 

Next expand the potential energy to second term near equilibrium  
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Total energy is given as 

Cross term 

If we diagonalize KIJ 

Motion described by 3N-6(5 for linear molecule) NORMAL MODES 

5/6 Modes that are ignored have zero lI TRANSLATION/ROTATION 8 



Normal Modes of Water 
Symmetric stretch  Antisymmetric stretch  

Bend 
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F+HCl→FH+Cl  Potential Energy Surface 
Hydrogen Abstraction Reaction, break a HCl bond form a HF bond 
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Potential Energy Curve along IRC 

F+HCl 

FH+Cl 

F+HCl 

FH+Cl 

You need enough energy to go over the potential barrier to react! 

The minimum energy path that connect the barrier with reactant and 

product is called intrinsic reaction path 

For F+HCl case you need about 5 kcal/mol of for reaction to occur 11 



How to quantify Barrier? 
• At the barrier the first derivative is zero and 

the second derivative is negative for one 
degree of freedom and the rest are always 
positive. In Gaussian you can use the freq 
keyword to check if there is imaginary 
frequency 

Harmonic Oscillator approximation 
at barrier 

kx
dt

xd
mF 

2

2

k: force constant 
m

k


In the case of barrier the force constant k is negative  
so omega is imaginary 
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Find the potential Barrier 

• Input a geometry that is close to the barrier 
and use the keyword Opt=(ts) 

• Check if the optimized structure is a barrier by 
calculating the frequency by the freq keyword 

• Use the IRC keyword to follow the reaction to 
the reactant and product keyword 
IRC(forward), IRC(backward) 

13 



Transition State Theory 
• Once you have the barrier you can estimate 

the thermal rate constant of the reaction from 
the calculation results! (Assuming that the 
reaction proceeds along the IRC) 
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K+ is the thermal rate constant that depends on temperature 
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Things Needed To Calculate Rate 
Constant 
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Partition Function 1 
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Partition Function 2 
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Methanediol Dehydration 

CH2(OH)2…H2O TS Complex CH2O…H2O…H2O 
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Output of TS Optimization 
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Output of TS Optimization 
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Output of TS Optimization 
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Hartree Fock Projects 2 

• Vinyl alcohol H2C=CHOH, CH3CHO isomer 
energy and barrier energy (IRC check) 

• R1R2C=O optimization effect of substituent on 
the C=O vibrational frequency and intensity 

• CO2+H2O carbonic acid formation barrier 

• R1R2R3C-CR4R5R6 and R1R2C=CR3R4 torsion 
barrier and potential curve 
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